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A. Introduction

Appreciation of the chemistry of the C-nitroso group has
developed slowly notwithstanding its extensive literature.
Undoubtedly a contributing factor has been its absence, except
for a few examples, in naturally occurring materials.

In the past decade there have been several important

developments including the n.m.r. analysis of the structural

8}

relationship between benzfuroxan and o-dinitrosobenzens, ths

e.s.r. determination of nitroso radical-anions, photochemical

nitrosations, deoxygenation to a nitrene and addition to dienes

which heve brought nitreoso chenmistry to the

Organic synthesis has been éubstantialiy helped by the
chemistry of the C-nitroso function but it would appear that it
will be even more richly rewarded in the future. Two examples
may serve to illustrate. In the first, addition of the nitroso
group to a C-H bond adjacent to an olefinic, azomethine or other
unsaturated linkage offers a bromising method to be developed
for introducing a functional group at an sp2 carbon atom. The
second e#ample consists in the emerging chemistry of the nitroso
group conjugated with one or more unsaturated linkages and is
demonstrated in conjugate addition and valence isomerization
reactions of nitroso olgfins and in the recently discovered
ethynyl nitroso compounds.

A comprehensive presentation(l)of the chemistry of the
C-nitroso compounds appeared recently. The present work is
intended to be complementary and to include new information in

the rapidly growing field.



B. Prcparative Methods

l. Nitric oxide and radicals

‘In an early recognition of the affinity between nitric oxide
and oxganic radicals, it was assumed that the appearance of a
blue color on mixing triphenylmethyl with nitric oxide in ether
in the absence of air denoted the presence of triphenylnitroso-
methane (equation 1). Reversibility of the reaction was
suggested by the disappearance of the blue color and recovery of

starting materials on evaporation of the solvent (2).

(CeHg) 4Ce + 1O T (¢ Hg) ,CRO (1)

Many reactions which lead to the formation of nitroso
compounds are best understood on the basis of a combination of
nitric oxide with an appropriate free radical. It is such a
combination, for example, which permits nitric oxide to inhibit
free radical chain reactions (3). The formation of the lower
molecular-weight nitrosoalkanes has been observed in gas~phase
Yeactions bhetween nitric oxide and the corresponding alkyl group
~generated in situ by the photolysis of an azoalkane (4), pyrolysis
of a dialkyl mercury coﬁpound (5), photolysis of an alkyl halide
(6, 7), the addition of a radical such as nitrogen dioxide to an
olefin (8) (equation 2); and by other means. It is reported that
¥-irradiation of a mixture of carbon tetrachloride and nitric

oxide leads to the formation of trichloronitrosomethane (9).

NO? NO
=CF PSR SN, " SO, IO TN .
CF2 CFr 5 i OZNCl 2C]_ 2 ¥ OZI\Cl 2CI‘2I\O (2)



Nitric oxide readily combines with the cyclohexyl radical which
May have been generated by the action of a chlorine atom on
cyclohexane (1.0) (equation 3) and with the reactive diradical

form of p-zylylene (1)) (equation 4).

. )
/\\. c.l? « NO NO ~ =NOH
J e ey ey ) (3)
) hv "
e N

-~ ~HC1

CH CII.,NO CH=NOH
~ -~

2. 2NO ~ N
(:;)/J e} {TE:;E/J ey [:%::) J (4)
N ~ o

. oy H=NOT
LH2 C,l.12NO CH=NOH

o

Nitvoso olaefing in which the substituent is attached to sp2
legs well-known; nevertheless perfluoronitroscethylenc
bas been obtained from the reaction between trifluoroiodoethylenc
and nitric oxide (12) (equation 5). In contrast trifluoronitroso-
ethylene has not been detected in the reaction mixture obtained
from trifluorochloroethylene and nitric oxide (13) and a reaction
Presumably initiated by nitrogen dioxide gives saturated products
ingtead. Nitroso olefins with the substituent attached to Sp3
carbon have been prepared in a similar way (14) (equation 6)

through irradiation of an allylic iodide in the presence of nitric

Ooxide.




NO
CFZ:CFI e 5 CF2:CFNO (5)
hv
NO
T e e [ =B - N
CF,=CICIL, I o 7 CF,=CHCH,NO (6)

+ other products

Apparently pure nitric oxide does not react with monoolefins
Under ordinary conditions (15); however, a trace of nitrogen
dioxide which is usually prescent will initiate a reaction leading
to a mixture of prodﬁcts in which nitro compounds predoninate.
From isobutylene up to 45% tris(nitro-t-butyl)hydroxylamine has

been reported (16) (equation 7). The transformation of olefins

NO, NO
. - OF PO T Y 8 s N e e ) NCOH hf
(CH,) ,C=Cl,, > O, NC,Hg > ONC,HNO,
20,NC H = -+ ONC,I sy (C NOC T N0, y
20,NC, Hg= - ONC, H.NO, 7 (C,HGNO,) ,NOC, H NO, (7)

into nitriles by nitric oxide at high tewmperatures is not completely
Understood (17) (equation 8) and the intermediacy of nitroso

derivatives has not been established.

NO
CH.,=CHCH === CH,.=CHCN (8)
2 3 450° 2 |
argon

Carbonyl derivatives with the nitroso group attached to the

carbonyl carbon are unknown; however, CHBCONO has been a suggested



intermediate in the photochemical oxidation of nitric oxide to
nitrogen dioxide in acetone (18). The formation of nitroso
aromatic compounds by the combination of aryl radicals and
Ditric oxide apparently has not been reported.

Only a few nitrosoacetylenes in which the substituent is
attached to an sp carbon are known, none of which have been
Obtained in reactions employing nitric oxide. Experiments with
ethynyl radical (HCECe &= HC=C:) is unreactive toward nitric
oxide (19). Primary products formed arc carbon monoxide and
Cyanogan bromide. An indication that radicals at sp carbon
yill roact with nitric oxide is found in the formation of nitrosyl
Cyauide aon flosh photolysis of either cyanogen or cyanogen bromide
in the presence of nitric oxide (20) (equation 9) and in the
Pyrolysis of mercuric cyanide in the presence of nitric oxide (21).

hev KO
BYCN ey o CN =y ONCN (9)

2. Irradiation of nitrosyl halides and alkanes

Irradiation of mixtures of saturated aliphatic hydrocarbons
and nitrosyl halides will also lead to the formation of corres-
ponding nitrosoparaffins. A mixture of produéts may be obtaincd
from a hydrocarbon in which hydrogen atoms are not equivalent.
The dimer of nitrosocyclohexane has been obtained from cyclohexane

and nitrosyl chloride upon irradiation by ultra-violet Llight (22).




When the reaction, assumed to proceed by the formation and
Fecombination of radicals, is carried out in the presence of
Strong acid, such as hydrochloric or sulfuric acid or phosphorous
OxXychloride, the product undergoes isomerization, first to the
OXime and then by a Beckman rcarrangenent ipto the cyclic amide,
caprolactam (23) (equation 10). There is a reporlt that irradia-
tion of a mixture of cyclohexane, benzophanone, concentrated
hydrochloric acid and nitric oxide in which oxygen is also
bPresent leads to the formation of an unidentified dinitroso-

cyclohexane (24).

- ,. w AN TN
s NOCL - NO =NOI Ny o,
A g asy jovas ~w—~~u--u->‘«, uuuuuuuuuuu \( 7" AU
acid > 7 4 ! JEO
h hv - ~

o . . 60 s e
Irradiation with Co of cyclohexane solutions containing

Ditrosyl chloride has also brought about the formation of nitroso-

Cyclohexane (isolated as the isomeric oxime of cyclohexanonc)
along with cyclohexyl chloride and cyclohexanone (25).
3. Pyrolysis and photolysis of nitrite esters

Pyrolysis or photolysis of a nitrite ester may result in an
intramolecular rearrangemnent by a concerted mechanism or may
require a dissocistron followed by a recombination. The
formation of nitrosomethane and scctone Irom tert-butyl nitrite

e i A

by either pyrolysis (26) or plotolysis (87)
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is satisfactorily accounted for on the basis of initial cleavage
INto nitric oxide and the trimethylmethoxy radical. The latter
then further dissociates into acetone and the methyl radical

which combines with nitric oxide (equation 11). Bthanc is also

approximate & H
(kcal/mols)

(a) (CH3)3CONO w.»-->,~(c113)3c04 + NO 35

(1) {(CII.).COo- - SHenLYLen o onL- 5

VA A S D O S "3

o T ¢ H\ - N e « rrr e — j_. ~ f' w . ‘1] —

(¢) (CH3)3COA0 b CHy }(cn3)$co + CH4NO 30

(a) CH3~ + NO e CH3NO -65

(e) (CH3)2CO‘ + NO -3 (CH;) jCONO -35 (11)

produced and its formatidn supports the intermediacy of me%hyl
radicals. That alkyl radicals may react with nitrites, step (c),
is demonstrated in the formation of nitrosomethanc frow either
butyl or amyl nitrite and acetyl peroxide in which the latter must
Serve as the precursor of the methyl group (28). One of the

many preparations for nitrosocyclohexane is based on a similar
reaction and demonstrates the expected tendency for the largest

of the three alkyl groups‘which may migrate to become attached

Lo nitrogen (29) (eqguation 12).

R

v
~COXO ™\ o 19
|

12

—

—_— 4+ RTCOR (12)
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The pyrolytic ring-opening of perfluorocyclobutyl nitrite
has been ewplained on the basis of initial dissociation into
Yadicals but with the recognition that the reaction could proceed
with ionic intermediates or could require an intramolecular
concerted mechanics (30) (equation 13). In gencral cycloalkyl
nitrites (ring size of 4 to 7 atoms) photolyse into w-nitrosc
aldehydes (31). A similar rearrangement of a suggeﬂted inter-
mediate vinyl nitrite has been postulated to account for the
photolytic isomerization of l-phenyl-2-nitropropene (32)
(equation 14y, A photolytic isomerization of certain nitrobuta-
diencs and arowatic compounds may require a 1,5-migration of the

Nitroso group (32) (eguations 15, 16) Lfrom oxygen to carbon.

e eren, ONO

F [ ——— ONCF,CF, CL, COF (13)

1

En—————

it st -

C H.cuw?cn ey ArCH=?CH3~mwwb*Ar§H~COCH3~WMMMM»Mf}'
NO, ON-O NO

ArCCOCH.
] 3 "
NOH (14)

s ] (15)

*»/’ \\W fk*\Cjiﬂ\\w

N O 0)
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T iy e s T

O] JOT

A 1, 5-migration of the nitroso group from oxvgen to carbhon
is a characteristic festure of the Barton reacizion, in which
alkyl nitrites (with a carbon chain of at least four atoms) may
be transformed into 4-nitroso alcohols (33, 34). Dlvidently a
reavrangoment of an intermediate alkoxy radical is reqguired

(33, 23%5) (egquaticn 17). It has provided a dramatic synthesis for

& '
? ?NO he ? ? . ?H NO ?O o

|

=CCy=C= s =C=C=Cor ~eewy wCmC,=Cor woreeeeeme =ConC, - Cor (17)
i 2 -NO‘/ |2 | 2 [ 2 ,

a nunber of organic molecules otherwise available only with

difficulty. Cycloheptyl nitrite undergoes photolytic isomerization

into hoth 7~-nitrosoheptanal and 4-nitrosocycloheptanol (31) but

Cycluoctyl nitrite gives only the Barton product, 4-nitrosocyclo-

octanol (31).
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A perfluoro acyl nitrite is available from cither the
corresponding acid anhydride or silver salt of the carboxylic
acid. Trifluoronitrosomecthane can be obtained in yields better
than fifty percent from the pyrolysis or the photolysis of
trifluoroacetyl nitrite (36) (equation 18).. It has also been
Prepared from silver trifluoroacetate and nitrosyl chloride
(37) (equation 19). Each reaction has boeen extended Lo perfluoro

homologs (38, 39) and to cyclic anhydrides (39) (equation 20).

N0, v
(CFLC0) )0 o TeBefe CRLCO,HO momnendy CF JHO (18)
4 ) f or
o
NOCL o)
QO i s iz CF O 1¢
CI'3CO, T /”noftjfﬂ

o
CF.C N.O 1) hv
270 wmw3m§47 CF,COHO  =nwemeem mmeeey P, COL I (20)
v [ 22 2) 1,0 )
Cy CF.CO. NO CF..NO
i | 2772 2

With or without irradiation nitrosyl chloride reacted
expiosively with silver trichloroacetate and no product could be
identified (1J0). A successful resction led to the formation of
trichloronitrosomethane from the treatment of the sodium salt of
trichlorosulfinate with nitrosyl chloride in a scaled tube at o°

(40) (equation 21).



NOC1
Nao.scc13wmwwmww~w¢- CLyC80, N0 =y €1 ,CNO (21)

2 3
4. Oxidative nitrosation (Bauvdisch yeaction)

According to Baudisch, oxidative nitrosation of aronatic
compounds procceds by the simultancous introduction of the
nitroso and hydroxyl group into adjacent positiors on the
nucleus when treated with nitrosyl hydride and oxygen. Parfici~
PAtion of copper e¢nlte arrearas neceasary to stabilize the

nitrogyl redical and to prevent the formation of para nitroso-

Phenols (41) (equation 22).

s P
<\,  NoH TN
g e X N
(O] 5> =
A 0 X
b ‘.\\'\./ "K" 2 Q:‘n/

Q4) §>Cu/2 (22)

5. Nitrosation of tertiary aromatic amines

Probably the first known method for nitrosation at carbon
consisted in the treatment of certain aromatic tertiary amines
with nitrous acid (42). 1In this way p-nitroso-N,N~dimethylaniline

is easily prepared (43). A steric hindrance to the reaction may




be introduced when larger groups are attached either at nitroccen
- i

or at the position ortho to the amino function (44). Efforts to
achieve dinitrosation have not been successful. Nitrosation of

N, N-diphenylnethyl amine gave only the mononitroso derivative,

P-nitroso~N-phenyl-N-methylaniline (45). ~Again only one benzone
ring was nitrosated in experiments with N,Nrwdiethyl—N,N ~diphenyl-~
Zfbut@neml,4wdiamine (46) (equatién 23) . The nitrcso group is nol

invariably introduced into the para-position and somotinmes an ort

position is selected (47) (eguation 24). In cerlain exawplos such

(:,.'I. CLHL : S H L M S

s T2 mono T2 (,2”5
Y (‘ p_:_: If ;F ) M P v 1‘ . }\("C: 1‘ ‘”,( (‘ ]( R ) :;
NCHL, CH=CHCH NG B P CghgNOR,CI=CHCI, 1C H, NO-p (23)

+ o

N N HONO s N
51 (
Ao S

[ JO] (21)

as p-benzyl-N,R-dimethylaniline where the para-position is alveady

OCCupied, nitrosation presumably occurs ortho to the amine

function (48).
€. Nitrosation of seconda ary aromatic amines

a. TFischer-Hepp reaction. Nitrosation of secondary aromatic

amines generally occurs initially at nitrocen and is reversible.
In hydrochloiic or hydrobromic acid the N-nitroso compound

Yearranges to the para-nitroso isomer. The isomerizaticen, known
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as the Fischer-Hepp reaction, proceeds intermolecularly with the
intermediate formation of nitrosyl chloride Ffollowed by nitro-
sation generally at the para-position (49) (equation 25).
Denitrosation of an aromatic Ne-nitrosamine appears to be more

- Trapid in hydrochloric acid than it is in sulfuric acid (50),

in agreement with low yields for the isomerizalion step when

carried out in culfucric acid (49). This suggests that nuclear

o
N NHCH 3 NCIL,
) 4 HONO (\) ° 4 non
/
1o
\ NCI] N NTCH
l( J + HCL I lQ} Y 4+ NOCL

~~

. NHCH,  NOCIL N NHCH
(_) ..w..,.,.....,,...,.,> C) = ( 25 )
ON
N

nitrosation occurs directly when certain secondary aromatic amines
are appropriately treated in concentrated sulfuric acid. The
reaction does not occur in nitric acid (51).

The intermediate formation of nitrosyl chlorxide in the

Figschor-liepp reaction was demonstrated in the formation of the



nitrosyl chloride adduct of ancthole when the latter was present
during the treatment of N-nitroso-N-melhyl aniline with alcoholic
hydrogen chloride in ether (49).

Nitrogation in the ring may be hindered whein the para
POsition is occupied by anothor subgstituent (49) or by large

substituents on the amine nitrogen (51). Poor yields of p-nitroso

corresponding N-octyl analog was not transformed into its

nitroso isomer (51).
A particularly intercesting cxemple of the Fischer-llepp
1 1

reaction is found in the isomerizalion of the B,N -dinitroso-N,N -

dinethyl derivative of m-phenylenediomine (52) (cquation 26).

NO
NO l
N(‘H HC1 N NI 3
P ‘ ( /)J (26)
ont_ " |
\.\\],'/
C NJICH.
ONN CH, WHCH

The recaction proceeds smoothly to transform secondary N-nitroso-
-haphthylamines into the expected 4-nitroso isomers (49);
but N-nitroso-l-bromo~2-methyleamino-naphthalene does not undergo
the Fischer-llepp reaction.
A few sccondary amines have been nitrosated by nitric acid
in the presence of hydrochloric acid. The addition of sodium

nitrate to fuming hydrochloric acid containing N-cthylanthranilic
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acid transforms the latter into its p-nitroso derivative (53)

(equation 27). From its reaction with nitric acid in alcoholic
1

hydrogen chloride, p-acetanidodiphenylamine gives p-nitroso-p -

acctamidodiphenylanine (54).

-,
- N I\.HC, . ”Cl /’:WWM"-‘.‘ ”HCr Hr
( 5o (O % )
~ jcou FINO ont " lco.u
"\\\‘/./ : 2 3 S PR ?

ST TR

catalyzed migratior

A l,3-migration of the nitroso

group from nitrogen to carbon appears to be required for an
underzltanding of the base-catalyzed isomerization of certain

Nenitroschydrazones into corresponding oximes (55) (equation 28) .

e gl NeN-CHC B ey U N-R-CC T (28)

NO NO NOH
A bage-catalyzed 1,2-migration of the nitroso group from
niLrUgen to carbon was recently discovered (56) (eqguation 29).

_ base
R—E}Tw CH 2 CN  merrrmmenes ~> RN H%C N (29)

NO NCH

7. Nitrcesation of primary aromatic amines
Under appropriate conditions a variety of primary aromatic
amines will undergo nuclear nitrosation rather than diazotization.

Nitrosyl sulfuric acid in concentrated sulfuric acid transforms

.
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o-naphthylamine into its 4-nitroso derivative (57) and nitrous
acid nitros ated a pyrimidine ring carbon in the prescence of
both a primary and secondary amine function (58) (equation 30).
In a similar reaction nitrosation occurs at the 3-position in

2-hydroxy-4-anino-pyridine (59).

O 0
it I}
/\ ”“‘"“w .
N HONO i s NO
’ ’ e ‘ “ (30)

3, N i WIC (C i IR
BNl /,m (CH4) ,CIL,0H )Nl Al

N "N

8. Nitrosation of phenols

Phenols are readily nitrosated at o~and p-positions; thymol
(60) and p-naphthol (60), undergo mononitrosation, Both 2,06~
dibromophenc) and 2, 6-dibromophenol-4-D react with sodium nitrite
in aqueous alcohol by gencral base catalysis (61) (equation 31)
with nitrosodeprotonation cccurring faster than nitroscdedeuteration
(kIi/kp=3.6). With nitrous acid, resorcinol is dinitrosated to
2,4-dinitrosoresorcinol (62) and phlorogucinol to trinitroso-

phloroglucinol (62).

<
Br(zzzs\lBr e €:£}Brﬂ// I‘Br fr
~ ™

0 0

Y.

Br\/b \/

j ¥

] -+ BH+
Dr {31)
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9., Nitrogsation of aromalic cthers

Nitrosation of aromatic cthers is virtually uvnknown., In
mineral acid containing an alkyl nitrite, rescrcinol diethyl
ether is partially transformed into a nitroso derivative of the
diether (63) (equation 32)., With the assuwnption that the
unassigned nitroso group is at the 4-position in nitroso diethyl-
resorcinol (2), the obscrved products ave satisfactorily

accountoed for by the expected intermediates (eguation 33).
Y I 8!

)

i

i

H
N
A
=
—
w
[ &8
~

10. Nitrosative decarbozylation

1621

Nitrosation by displacement of substituenis is rarely found.

Py

An intercsting example has come to be known as nitroso
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decarboxzylation (64). On adding sodiuvie nitrite to an aqueous
alcoholic solution of 3,5-dibromo-4-hydroxybenvoic acid therc

is an immedialte evolution of carbon diowide., TFromm the reaction,
3,5~dibromo--4~hydroxynitrosobenzene is isolated guantitatively

(64) (eguation 34).

COZII NO

AN e,
Bri (_) )

.

—~
{0
BESN
N

..,__-..
e ]
=
—
N\,
ry
I3
N
—
<

Aty S Br!
/,// \“\\ -

4

_/

on Oil

The kinetics of the reaction and comparison with bromode~
Carbonylation and bromodesulfonation are in agrveworent with the
following mechenism (61) (equation 35). It is significant to
note that p-hydvoxybenzolc acid nitrosodocarboxylates at least
300 times more rapidly than does prmethozybenzoic acid (61).
Salicylic acid and its 3-,4~ and S5-wethyl derivatives undergo
this reaction but 3~ and S-nitro and 3,5-dinitrosalicylic acid

do not (64).

Cco VN -
2 0O ,/902

N
~,,
[ C ) + NOX = [/ ' + X
Brk\\{//,Br Bl‘\\\ Br
‘ ‘
(

|
) 0



Following the obscrvation that an attached methyl group
decreased, whereas an attached carboxyl group increased, the
reéctivity of a terliary carbeon in a cyclohcexane ring toward
nitrogsation by nitrosyl sulfuric acid in concentrated sulfuric

acid (65) (equations 36, 37) it was found that cycloalkyl (ring-
size 5 through 7) carboxylic acids and the a-branched carboxylic
acids generally decarboxylated on similar treatment (66). The
asgumnticon that d—nitrosocarb'vy11< acids are intermediates (67)
has been challenged and it is claimed that e-nitrosocyclohezanc-
carboxylic acid is not an intermediste in the nitrosative
decarboxylation of cyclohexanecarboxylic acid with the formation

of caprolactan (68).

e ~ ~-\,‘L."' Ci 3 h . ‘/ “w.,\\? =NOH
E ‘ T et s o -3 i (36)
- P NOHSO R
\\‘\’/ 4 ~. /,>..\ -
~ Ci

SC
U,Z% )4

-
co 1 hy 7N S NOT

e i s ,___‘_.____,‘4\ {
>
NOHSO l (37)

/ 4
H,50, o~

The carboxyl group may bhe replaced by other carbonyl groups,

L
€.9., ¢ clododecanone oxime is obtained from formylcyclododecane
(69) and cyclohexanone oxime is obtained from benzoylcycloherane

(70) . These latter reaclLions are reminiscent of the base catalyzed

nitrosation and cleavage of certain cyclic ketones (71) (equation 38).



N
w

CH

3 Ciiy
. )\ /’\\ ! .
- ~F0 CL 0N _ A7 NN e C=HON
A | L

Ci. CON }

~.
fomrmem 7
smmnmns!

| , | NaOC 1 N b CHL,CHLCO,C Vs
\\// \\'/ o \,2 Lb "‘sr\ ’// A L

Another related reaction occurs when nitrosyl chloride transforms

a-branched pevozycarboxylic acids into nitroso compounds (27)

(equation 39).

NOC1L )
HCO 3 Y ROCHNO b CO. + O, | 35
R.,CHCO 411 > R,CHNO -+ €O, + O,

finetic data foxr the reaction of sromatic ketonoss with nityous
acid in sulfuric acid is satisfied Ly a mechanism which involves
the rate-determining step of deprotonati n from the protonated
ketone, followed by a rapid nitrosation and solvolysis (73)
(equation 40) (cf. equation 62). This may be followaed by tauto-
merization Lo an oxime and a bBeckmann rearrangemonil, When the
Teaction is carried out with p-tolylcyclohexzyl ketonoe and
nitrosyl chloride in polyphosphoric acid, caprolactam and
p-methylbenzoic acid are formed along with p-tolyl-s-nitrosocyclo-

hexyl ketone (74).

+
COAT c =COH O
ar

N4

' G f v~
-~ \l- C+‘— OH H 2 o / ~gi 0
[ e [ ] ——— canrolactan (40)
/ / - .
-ArCO,H

\\-/ '{‘ ‘ \'\ ‘\/

~H



11l. Nitrosation of olefins

a. Nitrous acid, nitrites, nitrogen oxides and nitrosos

ines,

Other olefins may undergo nitrosation by a related mechanism, of,
Cguation 40. In trichloroacetic acid, certain ring-substituoted
derivatives of propenylbenzene treated with iso-butylnitrite ave
transformed into g-nitroso trichloroacetates (75) (equation 41).

In contrast, the treatemnt of propenylbenzene With nitrous acid led
to the formation of the corvesponding nitrosite, l-phenyl-l-nitroso-
Z2-nitropropane (76) (equation 42) and similor results have Loon
Ob{zained with nitrogen trioxide (77). & f~-nitros }

50 nitroto hag

OCCCClL.
P . , . N | 3
< N CHECHCTL,  150B0u0NO - \ICHCH(HO)CH,

3 . 3
et o o e e e o ~
N Cl_Cco,u l <:x>

e 3 2 I\\///'

! |
OR OR

HNO.
¢ H.CH=CH O T ....‘......‘.......,,..._4_.:._..;1-, ] _CF 1 (NO . ‘i1 /
CHy CU=CHCH c6nb?ucu(N)2)cn3 (42)

NO

been prepared from cyclohesxene in concgntratcd nitric acid and
Nitrogen dioxide (equation 43) and a similar reaction has been
reported for the initial product from isobutylene and dinitrogen
tetroxide (equation 44) in the absence of weakly basic solvents
such as ethers and esters which promote the formation of nitro
coapounds by a free radical process (78). A merkedly different

Yeaction transformed propylenc into 2-nitro-3-methylfuroxen when

treated with dinitrogen tetroxide (79) (equation 45).
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Nitrosites (g-nitronitroso compounds, cf., eguation 42) arc

denerally produced from olefins treated with dinitrogen trioxide

(N, 0. o NO + NO

50, U (80). The reaction probably proceeds by a

o)
free radical mechanism initiated by an attack on an olefinic
Carbon by nitrogen dioxide, cf., eguation 2. Terpene nitrosites
arc often solid derivatives helpful in characterization.

. Photochemically produced adducts of nitrosamines and olefins
have been reported. The adduct from N-nitrcsopiperidine and

Cyclohexene has been isolated in its tavtomeric oxime form (81)

(equation 46) .

/\\.. . ///"\\\ N (O
WO . Wy L { I (CH2) 5
I | acid |

S~ 2T ~ S~ =NoH

(46)



b. MNitrosyl halides. Voluminous literature on the reaction

of nitrosyl halides with a great vaeriety of hydrocarbon and
fluorocarbon olefins has recently appcared. The crpected adduct

(ecquation 47) is not only often formed a long with other product:

EN e

but also it may occur as an intcrmediate reguirved for the

formaiion of a product isolated (82). Mono- and di-olefins

NOCT

R, CoClE,, = o R, CCHNO (47)

(conju and unconjugated), ketence acotales, wngaturated alcoholeg,
Vinyl ethers, carbonyl compounds, nitroolefine apd other hydrocarbon
Cclefin derivatives will resct with nitrosyl ehloride generally

undox i ld conditvions.  In certain instencos, the nitroso halide

May be pryoduced in gitv from an alkyl nitrite and hydrochloric o

hydrobronic acid. Terpén@ nitrosochlorides have oftoen been made
for chavacterization purposes,

Fluorocarbon olefins: also give adducts vith pitrosyl halides
(63) (equations 48, £9, 50).

NOF

Cr,=C(Cr,), ey (CF ) 40 (48)
- < KP '

NOGL
' 3CF=CI’ OLH3 [

~7

> CF C“,‘E‘CF (cryocu (49)

3

CF,=CCOF = -y (CF,) ,C({}0)COF (50)
2 ] . 2

CB3
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Both cis~ and trans-—nitrvocsohalide adducts of olefing may

Y P LT N PR Sl | ey e
B O G OGO o GULTLD

bo foracd (Ol).

N T E VI (P I C D
LG oo T Loy IGD

sulfur dioxide (85). A dependence on olefin structure has baen

observed in the formation of

-

from nitrosyl chleride

or bromide and norborncne in chloroform, and bhoth onti-7-

methoxynorbornene and norboynadienc in aleoholic accotic acid

s

algo containing hydrochloric acid (84). Xach re

withh no molecular rearrangement, Doth a four-centered cyclic

trancition state leading exclusively to a cis-adduct and a

threc-membered nitresonium intermediate which might give rise

nitrosyl chloride and several olefins and the more

adduct (66) suggests that the addition reactlion is revervsible.

In a kinetic study of the addition of nitrosyl chloride to
thirty different olefins in chloroform it was found that the
reaction rate was influenced by both electronic and steric effects.
Low activatiéh enthalpies of 8.1 and 9.3 kcal/mol and activation
éntropies of ~43.0 and -36.9 cal/mol.-l deg.—l w@re obtained for
styrene and cyclohexene respectively. Rates for the addition to
styrence and to cyclohexene increascd in the solvent sequence:
Ch.,0H < CZHSCH ﬂfCCl4, CGHSCH3-< E~C7H16 < C6H5Cl < C6H4Cl

CGHSCN < cnzc12 < C6H5N02 < CHC1l. and addition of Lewis acids did

2
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not accelerate the reaction (87). While the evidence secnms

to be acconmodated by a cyclic onium intermediate (C4)

N

(equation 51) (ci., cguation 40) a frec—-radical mecnanism has

not been climinated (88): however, it would have to be initiated

!

by a chlovine atom since it is well established that sveh a

reaction could not be initiated by nitric oxide (sec secticn B.l.).

~
-
A O]
o

»

> C=(C & - N'.} ’, Cc--C ' /L,)* >(_ — C < ‘,../ ‘/~ C e

Lt

products (

ot

an uvnsaturated nitroso devivative of a bisulfote ester 18

formed on trecatment of 2,3-dimethylbultadicne with nitrosylsul furic

acid, Apparently the reaction is one of conjugate addition sincoe

the ester readily cyclizes with the elimination of sulfuric acid
and the formation of an oxazine (82) (eguation 52). It seoms
probable that the loss of sulfuric acid occurs priox to ring-

closure which then may occur by valence isomarization of a

presumed nitroschbutadienc internediate.

L ONSO 1 P N NO ~1,80 s 14’\ ~~
/

"MJ | ! 0s0.,H
= NS
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c. Dehydrohaloge

ion of olefin niins

1Lirosochlorides
Presence of base the nitrosyl chloride adducts to olefins undergo
dehydrochlorination to form o, p-unsaturated nitroso compounds.
Styrene nitrosochloride with triethylanine in cther loscs
hydrogen c¢hloride to form nitrosostyrence (90) (equation 53). In

S8imilay reactions nitrosoolefing have been formed Fromn thujene

nitrosochloride (91) and nethyl oleate nitrosochloride (92).

> HLCHCH, NC
(/61..5(‘11. '.ZL )
Cl

Dehydrobromination of the oxime of 3--brono-Zemaethyl -~

butanona-2 by alkali giving a polyner of Z-nitroso-3-mathylbutone-
2 haz been claimed ($3) (equation 54) but probably should bz
Contirmed not only to clarify the struciuce of the polymer hut

s

also to clucidate the elimination mechaniom insofary as initial

T T e T U S SO R Y 2P S S S .
IEOMOTALGLLON Vo s navreso cenpound s o dipeolablo.  The vescLion

S e . P FATIE P W s g R g, oy - P
Save g0 (.:.A.,.z‘,;,,:p).,c CL el roveroend of

Lo . I ; I A AT S S S e -
GALION VO o o, {3"f-lu;;:E:.uu)-a,zu:t.-, SRR VATEITR BN e R SR PLETER AT (c* . C. ’)e).

NOH NO

U1
iy

ti
(cH 3) 2?»-—(’:-«(’.‘.},{ g T \/ + (CH 3) 2C'—":CCH 3T ~% polymacr (
Br

12, Nitrosation with nitrite esters and alkoxides
Certain phenols, e.g. resorcinol (94), and aromatic hetero-

=~

Cycles may b nitrosated by an alkyl nitrite in the presence of
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a metal alkoxide. Jrom 2,5-dincthylpyrrole, treated in this
Manner a sodiwa salt moy be obtained frow which

2,5-dincthylpyrrole may be liberatoed on mild tre

acicd (95) (cguation 5%). In a similar monner

oyl nitrite

ot
~e
~

arve obtained frow the corresponding hetoerooyele and

I
t

(e TN Y ey s e A 1. e R A e . :
(56) . Avparent 1y these arc nitrosstions of heltero cvcle anions

(Oql.la,x.tion 56) . Vhen the heterocycelic nilvooen cniries a substituent
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in place of the acidic hydrogen, nitrosation may be achieved with

nitrous acid (%7, 98) (cquations 57, 58).



NG 1O, J/{ﬁ\\_, . NO
IS l; ) ‘~~\ ( ) i ik (‘sf,)
\, 3 B L B i l s -
~ 7 TN " . P »

—te

Tmidazoles with a frec 4-(or 5-) pogsition and o ring nitrogen

]

Vith an attached proton may be nitrossated Ly oyl nitrite
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SO cthoyide in a similar manver (28).,
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Both acid and

«

aliphatic carbon aton with attached active

atom (100)

(cquations 59-623 ).

1ONO

: oy 1 C(=NOH)N
CH3CH?_NO2 Ty CHBC’ ("L\Ofi)l.\oz » (60)

I ONG
L waocLm. L e o (61)
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Ay COCTI CL

;) e N 1\11-(,:0!(_;(‘:1 (62)

]
NOI

t
R OO
2” ) 5 e ‘/ RCCO.H (63)

RCH (CO 5
HCL N

)
;
VO
Presumably the reaction, whether acid oy base catalysed,
proceeds by clectrophilic attach on on - carbon alom in agoecnent
with other condensation rcactions of aclive

L, woethylene and

methynyl groups.
13, Organometallic compounds and nitrosyl chloride
Alkylnitroschydrouwylamines (101) ave ofton prodecits from

[ e

Yeactions between alkyluetals and nitrosyl chloride (equation 64).

Nitrogobydroxylamines may lose nitrosylhydride with the formalio

Ll

Of the corrcsponding nitroso compound (101)., Nitrosobonzens hag

H

- - ~
-

-, .. - - ""“ p . "ﬁ. VVVV
e, My Cl NOC1 NN (10) 0 ~NOI AN NO

\\1// // o o

been prepared by passing nitrosyl chloride into a sclution of

Phenylmagnesiwe bromide (102) and pentamethylnitrosobenzene fron

the corrcsponding arylimercuriacetate and cthyl nitrite in hydro-

Chloxic acid (103).
Recently a nitrosocarborane hos resulted from the treatment

&

of l-carboranyl-lithium with nitrosyl chloride (104) (couaticn 65)

and nitrosoanlkane dimers result from the similar trea
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aluminum trialkyl with nitrosyl chloride (105). Tricyclohesyl-
boron and nitrosyl sulfuric acid reacted with the apparent
initial formation of nitrosocyclohexane; however, products

isolated represented further changes (106).

n"‘BU.IJi NOC]- ) -

HC- Cll ~==r——="> HC 5 CLi neremmee=) HC ~5 CNO (65)
\B/ 1 B H ' B, Hy
10710 IRV Y Luoav

The long unknown l-nitrosoacetylenes were first produced
in a reaction in which nitrosyl chloride attacked an organo-

mercury bond (107) (equation 66).

NOC1 '
Hg ———2 CH,(CH,) ;C=CNO (66)

(c, (cH,) jC=C)
14. Geminal nitrosohalides from oximes

Oximes are transformed into gem-halonitroso derivatives on
treatment with hypohalous acid. Development of the blue color
of the product is the basis for Piloty's gqgualitative determina-
tion of the presence of an oxime (108). With only occasional
bursts of interest, Piloty's reaction lay dormant until gem-
Chloronitroso derivatives of hydrocarboné attracted attention

as products in the reaction between irradiated nitrosyl chloride

and hydrocarbons or irradiated mixtures of chlorine, nitric oxide



20

and hydrocarbons (109). The principal product is an oximne
as 1s demonstroted in this important wmethod for the synthesis
of cyclohexanone oxime, an intermcdiate in a preparation of
caprolactam.

Oxidation of the product to the corresponding halonitro
derivative by halogens in an alkaline medium may be eliminated
by treating the oxime with chlorine in ether (110) or by treat-
ment with chloroamides, e.g. N-chloroacctamide, N-chlorocaprolactam,
N-chlorourea and N,N-dichlorosulfonamides (111). N-Bromosuccinimide
in aqueous sodium carbonate has also been used (112). A lesser
known reaction discovered by Rheinboldt (113) occurs between
nitrosyl chloride and an oxime (equation 67) and is especialiy
interesting in its application to aldoximes.

NOC1
R2C=NOH —m—mfnwm} R2C(NO)C1 (67)
~NO ,
-HC1

Explanations for the transformation of ketoximes into gem-
halonitrosoalkanes on treatment with halogen have been based upon
Conceivable tautomers for an oxime. Halogenation of a tautomeric
monofunctional primary or secondary nitrosoalkane appears to be
tnlikely since their prototropic rearrangement in the gas phase,
melt or in solution into oximes %is not detectably reversible (1145

(equation 68). 1In addition, it is reported that nitrosoparaffins
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are not halogenated under the conditions which transform oximes
into gem~halonitrosoalkanes (115). Addition of chlorine to the

I{ N ) - R NeYE Y

2CHNO Y, R2C~h0d (68)

oxime double bond followed by an elimination of hydrogen chloride
(equation 69) has been accepted as more prokable (110) but
has been challenged (115) on the basis of an apparent reguire-
ment for hydrogen to be attached to at least one c-carbon

cl. ¢l ¢l ~HC1

R, C=NOH »m—ﬁna R,C—N-—OH ——=2 R,C(C1)NO (69)
in the oxime. Of twelve monoximes which lacked hydrogen at an
a~Carbon, only Michler's keﬂone oxime reacted, as predicted, in
the presence of acid, with chlorine with the formation of a
nitrogo compound. Although the proposed requirement for hydrogen
attached to at least one dmcarbon was fulfilled in 75 examples

Of oximes which were transformed by chlorine into nitroso

derivatives, it is difficult to understand why o- and m- nitro-

acetephenone oximes cach Teiled to react whereas scctophencne
and p-nitroscetophenone oximes did. Obther reactions beiween
chlorines and oximes which also contain additional reactive

functional groups may occur. Benzoin oxinme, for

Y

not tren«Torred into a nitroso derivative

ra
e
>
]
o
s
¥
P
N7
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>
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~
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oxidized o benzil. : *
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monoxime. Nitroso compounds were not obtained from ¢-dioximes
but these are known to be transformed into furoxans under .the
conditions employed (116).

To account for the possibility of participation by
hydrogen at an a~carbon, Kosinski has proposed (115) a mechanism
which invokes Raikova's tautomerization of an oxime (117)

(equation 70). Following chlorination at nitrogen in a vinyl

RCIizﬁRl S RCH:('J 4 P RCHQCR]' (70)
1
NOH NHOH HON

hydroxylamine, this mechanism requires elimination of, followed
by recombination with, hydrogen chloride (115) (equation 71);
however, the final step in equation 71 must he questioned insofar
as conjugate addition of hydrogen chloride to an o,f-unsaturated

nNitrosoalkene would be expected (equation 72), cf. C.22,

C1 Cl

S | "2 . 1 . 1 I
RCH=CR -_—~I;E~l~-> RCH=CR *,RCH:'CR — RCH2CR1 (71)
NHOH §Cl HC1l-NO &O
OH
HC1
RCH=CNO ~~~—w~%} RCH-C=NOH (72)
Iq } 11

R Cl R
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After the report that hexafluoroacctozime reacts with
chlorine at -78° and is transfbrmed into the corresponding gem-
nitrosochloride (118) (equation 73), the proposed regquirement
for participation by hydrogen attached to an a—-carbon must be
reevaluated. Benzophenone oxime in the presence of chlorine

underwent a Beckmann rearrangement into benzanilide (115).
: - el *(NO) C 73
(CF3)2C NOH i (CF3)2C(NO)Cl (73)

An example of an aliphatic ketoxime which does not contain
®drogen on an a~carbon is found in fenchone oxime, which is
unreactive toward chlorine bubbling through alkaline or neutral

solutions of the oxime (115) (equaticn 74). 1In contrast noxcarmphor

=NOH
Clz

P -ammwmey No reaction (74)

oxime is transformed into the gem-halonitrosoderivative (119)

(equation 75).

=NOH Cl2 cl
NO (75) -
dry etherxr
0°

The reaction between nitrosyl chloride and oximes may also

give gem-nitrosochlorides. Addition of nitrosyl chloride to the
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oxime linkage followed by elimination of nitrosyl hydride has
been suggested (120) (equation 76). In support of the final

step it is known that N-nitrosohydrvoxylamines reversibly

, Nocl N ™
RCH,CRT =3 RCH,CR' ~-=-===3 RCH, -C-R" (76)
2y 7o 2
NOH Hon NO
NO

dissociate into C-nitroso derivatives and nitrosyl hydride (101,
121). oOximes which are ordinarily unreactive to nitrosyl chloride
include the oximes of benzophenone, fluorenone, phenanthrene-
gquinone and other ketones some of which contain hydrogen at an
o-carkon (113).
15, Esters of geminal nitrosoalcchols from oximes

Two methods for oxidation at the o-carbon of nitroso compounds
are reminiscent of the reactions leading to the formation of
gem-nitrosohaloalkanes discussed in the last section.

The intermediacy of a gem-nitrosofluoro derivative was
asgumed in the formation of dimethyl flucronitromalonate from
the reaction between potassium dimethyl oximinomalonate and
Perchloryl fluoride in dimethylformamide (122) (eQuation 77) and
in the same reaction mixture the formation of a perchlorate ester
Of & gem-hydroxynitroso derivative is considered in an explanation

for the formation of another product, a ketomalonic ester.
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(Cl,0,C) ¢ NOC1O, > (C150,,C) ,C(NO) X% v (77)

(CT or ¥ )

Y Al al J >
(CH302C)2C(h02)k

In the other oxidation, gem-nitroscacetates are produced
from ketoximes and lead tetraacetate (123) (equation 78) and
Oxime O-methyl ethers are reported as by-products (125), Nitro-
SObenzoates are similarly prepared with lead tetrabenzoate (124).
The suggestion (123, 125) that the reaction proceceds with the
intermediate formation éf-free radicals has been confirmed by
an e.s.r. study of comparatively stable iminoxy radicals
Obtained from ketoximes by oxidation with lead tetraacetate.

It was concluded that the unpaired spin density resided on oxygen

and nitrogen and that the structure was best described as a

resonance hybrid: R_C=N-O- S R,C:ﬁm6: (126). This result
Y 2 =N 2 =

is consistent with initial acetoxylation at nitrogen from which
€ither a gem-nitrosocacetate or an oxime O-methyl ether could he
formed (equations 78 and 79) . Further interaction between the

~gem-nitrosoacetate and acetoxy radicals may occur (126).
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-+ —

N e—— — [P al :JI . . (}
R, C = N-0 S Rz% o) (78)

o) £0 ococH
N 7

C 3

R,C=N - 0:  ==—=-3 R_C=NOCH, + CO

. 79
2 D) ‘i' 2 3 2 ( )

For a discussion of’d—hydroxynitroso compounds in the Nef
reéction see B.23.
16. oOxidation of dioximes

Oxidation of dioximes of g-diketones may lead to the forma-

tion of furoxans (116). Benzil dioxime when treated with alkaline

ferricyenide, chlorine in ethanol or benzene, alkaline hypochlorite,

Or dinitrogen trioxide is transformed into diphenylfuroxan

(equation 80).

(o]

|
- . e . — [P s H A
(C H.C=NOH) , —> C6115|cl %SGHS\ > c6115(': ;ch"'S ey
N H NO NO
b8
— O, N C=CC.H .
Cel5C-6Clls 7 Celleyy 6 \50 (80)
+N N N N~
0ol - ~o”
0 O--
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EL

The intermediacy of 1,2-diphenyl-1,2-dinitrosoethylenc is
assumed; however, it appears likely that the zwitterionic

form of the intermediate is the iwmportant species leading to
ring-closure. Both furoxans are generally obtained from
9lyoximes in which the two substitucnts at carbon are different.
The dioximes of both o~ and p- benzoguinone undergo similar
oxidations (116) (equation 81). 7An interesting analoyv for

»
o

/‘A"\\

o =NOH [:(;1

X, =NOT

2 structures

RN k /” Lo, O (81)

NO

2 structures

the lalter reaction is found in the oxidation of an oxime

hydrazone derivative of p-benzoguinone (127) (cquation 82).



n

42

. ﬁ]OH NO

/\ ‘ HNO,
O Lo
N or y

| CYO

NNHCOC . , =NCOC H

6 5 6.
17. C . J Lt_‘un of 'h 7r-!1"r\\7\7-| AMA N

Oxidation of hydroxylemines is a preferred method for the
preparation of corresponding nitroso derivatives but limited in

application by the accessibility of the starting materials which

‘gencrally are reduction preducts from nitro compounds or oxidation

products from primary amines. In such a two-step processinitro“
benzene is reduced by zinc and ammonium chloride to phenyl-
hydroxylamine which is oxidized by sodium dichromate in sulfuric
cid to nitrosobenzene in overall yield of ncarly 55% (128).
Other reagents which have been used to oxidize hydroxylamines
include mercuric oxide (129), potassium ferricyanide (130) perio-
dates in alkaline medium (131) periodic acid (132) chlorine (133),
air (134) and chromium trioxide (135, 136) (equations 83, 84, &5,

86)5

HOHN - NHOH (31?03 ON NO
O =25 (0
O,N NO O,N« '

NO.

2 T2 2 \\‘ 2
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(14

NHOH . N
< cL, o O
N CN [ A ~ CN ( 84 )

K10,
HC (=NOH) NIIOH  +wrmem sty HO (=]OK) RO (85)
alkali

HF
(F'3C) ,CoNON ey (F,C),C(F)no (80)

CIO3A

Although Nenitrosohydroxylamines tend to dissociate into

nitroso derivatives and nitrosyl hydride (101), the presence

VLD

of sodium hypochlorite is advantageous (137) (equation 87).

$O
NOH NONa NO

' a0oCl .//1\\
' !' “jigm-ﬂ~J> (::) mfiiZSfﬁw§> [ (L;) ] (87)

J - : d
I\dOCH3 o

NOH ?ONa NO
NO

Hydroxylamines have a tendency to disproportionate into the
corresponding nitroso compound and emine, Alter thres wecks in a

wre mesitylhydroxylamineg hnd chensed into 2,h,6-

o

closed vesscl,

fy-d
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trimethylnitrosobenzene and mesidine, along with 2,4 ,6-trimethyl-
nitrobenzene and azomesitylene (138).
18, oOxidation of primary amines

Oxidation of primary amines to hydroxylamines reqﬁires a

reagent which attaches oxygen to nitrogen. Reagents which have

been successful include Caro's acid (monoperoxysulfuric acid),
e e N L P T N T S Ry v on g Ales N e A~y
j R N W PAN _\l’ [ EANSI N R S I B 1 W S O G D O o B Y O SR A W Y RO R S LI R A N AR ooy [ N T N I W ey

anhydrides, hydrogen pcroxide in acetic acid, permanganate
(often with formaldchyde) and hypochlorous acid. Generally the
subseguent: oxidation cccurs readily thereby providing an impor-
tant route for the preparation of nitroso compounds, The
€limination or suppression of further oxidation, e.g., oxidation
at nitrogen to the corresponding nitro compound or oxidation
at carbon, is ofren a limiting factor to consider.
Nitrosobenzene is one of at least seven oxidation products
Obtained when aniline is treated with hypoc.lorous acid (139).
On the other hand, the oxidation of gmnitxoanilino by a
hypochlorite solution is a preferred method for the preparaticn

- . S ey - 3 . =
of benzfuroxan (116) (equation 88). 2An improvad yicld ol

O 2 A 0 (88)
~.. 7
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nitroschenzenc is reported for the oxidation of aniline by
Permanganate with formaldchyde in sulfuric acid (140), a
Method which transforms cyclohexylamine into nitrosocyclo-
hexane in yields over 80% (141). The latter ozidation is
also effected by hydrogen peroxide in the proescance of sodium
tungstate (142) .

Bamberger found Caro's acid to be a general reagent for
oxidizing aliphatic primary amincs in which the amino group
is attached to a tertiary carbon atom and for primary aromatic
amines (143, 144). oQuantitative amounts of nitroso compounds
were obtained from the isomeric nitroanilines (145). Apparently,
the oxidation ic facilitated by clectron releasing groups;

pP-phenylenediamine is transformed into p-nitroaniline, but

P-nitrosoaniline may also be isolated when the rcaction is carxried

out in ether (14€) (eguation 88a). Acylation of one anino group

H,50
N 225  p-H_NC_H,NO + p-H NC I ,NO (88a)
prCglly (W) 7 PP REe g™ & R he e
ectherx

controls the oxidation which proceeds to the formation of a

nitroso derivative without substantial further oxidation (147).
After threc minutes Caro's acid in ether can oxidize tert-

butylamine to 2-mcthyl-2-nitrosopropune (144). Better yiclds

are obtained in the similar oxidation of 4-amino-4-methylpentanonce-2

(L44) (cquation 89). The intermediate formation of nitroso
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compounds in the oxidation of tertiary alkyl p: imary amines to
Corresponding nitroparaffins is demonstrated by the formalion
Of a characteristic blue color which persists if oxidation is

incomplete (148).

H,NC (CH 2o ONC (CHg) ?CH, COCH. (89)

JH..COC
) CH,‘ OClI 5 3

2 372772

P A ey
Ao hove oo

. L NV SR
I S R N

aromatic amines to corresponding nitroso derivatives by a peroxy-

disulfate in concentrated sulfuric acid (1492) ({equetion 90) but

COCH COCH 4
L\
r
(ji) 1 "migjﬁgiﬁm;g (90)
Ccl - JNH? conc. LNO
~ - H,S0,

perphosphoric acids failed to transform certain primary aromatic
amines into nitroso compounds (150).

Nitrosobenzene along with phenol, diphenylamine, ammonia and
nitrobenzene waé a detected product following x-ray irradiation of
an aqueous solution of aniline (151).

19. Oxidation of secondary amines.

There are a few reports of the formation of nitroso compounds

from the oxidation of secondary amines. By Caro's acid,

N-benzylaniline is transformed into nitrosobenzene, nitrobenzene,
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azoxyhenzene and benzoic acid (149). Nitrosobenzene is one of

at least eight products obtained from N-methylaniline on

treatment with Caro's acid (152). Cold dilute permanganate

solutions transform 2-phenyl-3-hydroxyindole into o-nitrosobenzoic

acid (153) (equation %1).

/"‘\ ‘ . ey )
i e, OT1 KMnoO , 7N, CoLT
4 l JUSMUR VU e Y
i on 7N o
// .A.g\\ ‘/ 6 5 \\.\ /'/’
A . .
H

20. Oxidation of tertiary amines
c~Nitrosocinnamic acid is a proposed intermediate in the
oxidation of guinoline by hydrogen peroxide in acetic acid to

O-nitrocinnamic acid (154) (equation 92).

O] QI “”‘“‘ /@J —

CH= CHCO H CH=CHCO,H

O 2

(91)
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It is reported that oxidation of 3-methylanthranil occurs with

Opening of the isoxazole ring and the formation of o-nitroso-

acetophenone (155) (eguation ¢3).

A3 .

2N C ocH
_ },CL)O] M:\T<0Ln3 B
Lol ( | (93)

T . '/ ! fTO
~ n: 1,80, \\w//fx

40-50°

21. Oxidotion of nitrones and Schiff bhascs
Ozonization of nitrones has produced nitroso compounds  (156)
(equation 94). Similar treatment of Schiff bases did not give
nitroso products (156); however the presence of a blue color
during the oczonization of the Schiff base derived from tert-butyl
amine and isobutyraldehyde has been offered as evidence for the
formation of Z~-nitroso-2-methylpropanc (157) (equation 95). It
Was carefully established that the oxidant was ozone rather than
OxXygen somewhat in contrast with the catalytic oxidation of
certgin perfluoro Schiff bases (158) (eguaticn 96) in which-

trifluoronitrosomcthane was a considored intermediate.

0. .
R =Sy CH CHO + RNO

R~C6H5 t- c4u9 (94)
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‘H e ‘1 ‘T i
(CH3) 3(,1.. CHCII ((,]_]3) > o

), 1 {CH,) 4CHO (95)

RbI

CF N=CF,, + 0, ~w====% 2C0F, + NOF
3 2 2 400° 2 .

(e
~

‘FLoON=CF o PO e RS 1110 p
CF N=CF., + MO o (CT ) S N-TC (4

22, Reduction and deoxygenation of nitro compounds
Reduetion of a nitro compound leads first Lo the formation
of a nitroso compound. In an acid medium the latter is rapidly

reducod Lo an amine with the corrvesponding hydroxylamine as an

intermedi >, Reduction in an alkaline medium gives rise to an

AzoXY GO

ound rosuiting from a condensation between the niltros
compound and the corresponding hydroxylamine, Besl yields of
nitroso compounds are generally obtained from reductions in
Neutral madiz., The exceptional reduction of primary and
secondary nitroparaffins by stannous chloride does not procced
beyond the initizl stage presumably because rapid isomcrization

to an oxime takes place.
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An electrolytic reduction of nitrobenzene with a neutral
electrolyte gave a good yicld of nitrosobenzene (15%). Poor

vields have becn reported for deoxygenation with barium oxide

(160) and reduction with hydroxylamine in methanol (l¢l) ox

metallic salts such as mercuric chloride, zinc chloride (162)
or sodium bisulfite (163). In the latter example nitroso

compounds are intermediates in the reductive sulfonation of
aromatic nitro compounds to aminosulfonic acidg (Piria roacrion).
With an intramolecular condensation the reduction of 3-nitro-
4-dimethylaminotoluene was stopped at the nitroso stage with

the formation of 1,5-dimethvlbenzimidazole (163) (cquation 97).
! B} 1

0,0~ NO.. Naso. H.C o7 O

3 2 3 3
“ JN(CH,) ) <~) N (CHL) e
uf"/ 372 ‘\\ /’ 372

o~ .
3 () ! ch (97)

m-Trifluorcmethylnitrobenzene is reduced to the corrésponding
nitroso compound by ethyl mercaptan (165). Aromatic o~ and

p-nitronitroso derivatives are produced by treating the corres-

ponding dinitro compounds with either hydroxylamine or stannous
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oxide in mcethyl alcoholic alkali (166). The behavior of
o-nitronaphthalene towards alcohclic alkali is especially
interesting. First one and eventuvally two methoxy groups bhocome
attached to the C4 position (167) (equation 98). Presumably a

related process is required in the formation of p-nitrosodiphonyl-

amine from aniline and nitrobenzene in alkali (168) (eguation 995,

NO., NO 1

. \*w “'~\‘.‘
- \ KO / . / ~ /

OJ0) s [<))< O] e

'\J

\

.. 3 \\ x/ N ) /
7 - ~ "~ / : s >, N )
OCl 4 Ci,0°  OCH,

alka) 1.

C_H.NH, + C.H_ NO

NO (99)
65 2 6

g

».3

A deoxygenation mechanism probably best accounts for the formation
of nitrosobenzene from nitrobenzene treated with iron powder in
the presence of carbon dioxide at 220° (169). Similar dcoxy-
genations havé been carricd out in dry organic solvents with
sodium, potassium, calcium, strontium, barium, magnesivm, zinc

and aluminum amalgam (170). Deoxygenation of arcmatic nitro

deri -atives by frec radicals also leeds to the formation of

Corresponding nitroso compounds (171). Dimeric nitrosobenzene
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iron tricarbonyl is prodeced on irradiation of iron pentacarbonyl

in nitrohenzene (172) (cguation 100).

h- - ""‘*
e (O KR IO e PO NORe (CO) (160)
e (CO) 5 C6HE5L .,)2 o C’(‘)Hb 100 (CO) 3 0

HCL 2

. P

Ring-clesure of an intermediate o-nitroscazobenzene presunably

accounts for the absence of further reduction of o-nitroazolonzone

by sodium sulfide (173) (equation 101). A similar reason

N4

\
J
NO., P

CONGN=NC M, N =R
™ 65 Na.S 65
\,.\ ’N“ /
N

(101)

may be appliced to (but is not necessarily required for) the

deoxygenation of a nitro group in the transformation of picryl
Y9 9 E E Y

¢hlorvide into 4,6-dinitrobenzfurozan by hydroxylamine in tlie

bPresence of sodium cthoxide (174) (c.ouation 102).

N

0 (102)

!

N
1/& T o /\./ ,
0N ,3 MOz TR0 =

-
Ny C HON: ™ O, S
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In the isomerization of o-nitrobenzaldehyde, the transfer
of oxygen from an activated nitro group to the carbonyl carbon
probably occurs by a redistribution of clectrons when the
nitro and aldehyde groups are coplanar with the arcmatic ring
(180). A kinetic study by c.s.r. of free radicals produced
during the reaction did not lcad to a definitive explanation
(181). When the reaction is run in melianel, it is ¢laimed
that irradiation first brings about the formation of the
dimethylacetal of o-nitrobenzaldehyde frowm an intermediate
methoxy~c-nitrobenzyl radical (182) (egvation 107). The acetal

.

1s then transformed into nmethyl o-nitirosobonroat

S NO,,

—,
\~) CH (OCH.) /
-

372

.,
L \
i ) } (107)
a\‘\\ - (/O2CII3
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An intramolecular trancfer of oxygoen Lrom the nitro

group to nitrogen attached at the ortho-pogition is

reguired

in both the pyrolytic and the photolytic transformation of

O-nitrophenyl anide into benzfuroxan (116) (eguation

108,

cf. B.16.

£

hY or . I

S N
A heat PN N

J \IO
2 NS w”

A derivative of o-nitrosobenzamide is a probable inten-
mediate in the von Richter reaction whereby an aromatic nitro
Compound is transformed by aqueous alcohol containing an alkali
Cyanide into an aromatic acid in which the carboxyl group

group was ejected (183) (eguation 109). o-Nitrosobenzamide,

~.

|
z
j
N

ﬁf =N ‘l
N = O NO

-0l

(108)

<:> CONYG

2

(109)



independontly preparced, undervent the recuired rcaction with
~

both aqucous hydroiide and cyanide ions with the formation of

benzoic acid (184).

(D

An explenation for the transformation of o-wandclonitril

El

B

6]

by treatment with ammonia into o-nitrosobenzoic acid, fir
reported in 1906 (185) and of o-nitrobenzaldehyde by treatment
With potassium cyanide into the same product (186) may now be
_given an explanation similar to Rosenblum's mechanism for the

von Richter reaction (equation 110). A similar reaction was

w0\, H SN Cco,n
0 s ( ] (110)
(w) l e 4 ) NO
\\'\t'//\?
O

fourrd in the formation of o-nitrosobenzophencne on treating
Z-nitrobenzhydrol with p-toluenesulfonyl chloride in pyridine

for which the following explanation was offered (187) (equation 111).

NO ~nt ~ N, NO '
- .
‘ )/ N S ( ) Lo (111)
~. CHOSC 1 j :
- 0,Cgl,CIl, | ]

CGII5
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The step in which a nitroso group is generated in eguations
93, 109, 110 and 111 and probably in equations 104, 106 and 107
Tequires opening of an isoxazoline ring, cf. B.24. When this
dexivative is also a cyclic hydroxamate anion (109 and 110)
there is an analogy with the dissociation of linear hydroxamcte

anions (182) (eguations 112, 113).

0.
N . | o - _,,'\\\ .
~7 N\ KHOH  RONO N N0 ~NO, Ty
|
)

NaOR .
e o
e \\/ ~

C H, 50, N0, €T SO, NCHR,, ===~ 11, CIIHO (113)

7

23, Nef reaction

Hydrolysis of aci-nitroalkanes, the Nef reaction, is often
utilized as & preparative method for carbonyl compounds. A
bersistent blue color in the reaction mixture during the timne
that aci-nitroalkane is being destroyed indicates the presence
of a nitroso group. A reasonable mechanism for the Nef reaction
in which e-hydroxy nitroscalkancs are intormediates has been

“

Proposed (189, 190) (equation 114).
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Lsolation of an a-hydroayiillrusoolhaelis Lad appasently not
been realized; however the veaction carvied out in cold hydrochloric
acid has led to the foraation of o-chloronitroscalkanes (191)

(equations 115, 116).

(115)

NaOR HC1 .
(cu 3) ?CMT\?O? e e (G ,_;) 7Cf (WojyCct (116)
o B ROH -

mi,

The second step in the formation of 2-nitroso-3-nitio-
P-xylene from the corresponding dinitro cowpouvnd by reduction
followed by treatment with aqueous acid appears to follow the Nof
reaction up to the stage of an alternative dehydration with

aromatization (192) (eguation 117).
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\l N NO

CH3 Ch3

24, Pyrolysis of heterocycles

A few reports begin to indicate that saturated and certain
Partially saturated rings containing a ring oxzygen adjacent to a
Ying nitrogen bearing an exocyclic substituvent will undergo
Pyrolysis with the rclease of the corresconding nitvoso conpound.
Both 3,6-~dihydro~- and tetrahydrooxarzines will liberate nitroso
Compounds on heating {(193) (ecguetions 116, 119) and a s nilav

Teaction is known for a 4,4-diphenyloxazetidinone (194)

(equation 120).

: O heat v
N\
h | e L 4 c6n NO (118)

(///N\\@ heat o

\ .l
L | SR, l ’ + C I RO (119)
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cr (C 1. ). ... ., =0 300
. 65" 2; -
(C H) ,CoC==0 " | i i 3
O- HCF
HC 3

CFgNCO o crgmo » (120)

A prediction that certain five-monbered heterocyclic Neoxides
would undergo pyvolylic or photolytic ring-cleav.ge with the
formation of a nitroso compound is bhased on the formation of
nitrosobenzene from azoxybenzene by pyrolysis (195) and from
N-phenylbenzalnitrone by photolysis (196) (equation 121) and the

Ting-oponing of benzfuroxan, cf. B.16. An exaemple may have boeon

0
/E\ h.‘-

\ “ 5 e \ e 121
CHCH=RC F o = ; CglNO other products (121)

found in the pyrolytic transformation of 2,3,5- triphcnyl-2-
Methoxypyrrole-N~oxide into the corrcsponding 1,2,6-oxazine (197).

An attractive pJQnatjon based on the principles of valence
isomerization reguires ring-opening Lo a nitroso@ieno fellowed by

a new ring-closure (eguation 122), ¢f. B.11l.b. The facile

. ‘\\V 3
<¢5\\ OCII. heat F//‘\QJM“
i
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conversion of an imidazole-N-oxide into an oxadiazine (198)
(equation 123) nmay also procead by valence isomerization into

a4 nitroso compound folloved by o now ring-closuve.

W N _ TR 0
K cr3vt s ! ‘

/ ) «,4 Y
e t. : '/ O'— \k.\ ‘/ o ./,(_J\ ).\

~L N N ~p s
N S i N
2 2

25, ¥Blecirolysis of oxime salts

A report that electrolysis of a 1:1 mixture of the oxime of
Megoxalic ester and its sodiuvn salt occurs with intermolecular
Coupling hetween the two e-carbon atoms and the formation of a
1,2~dinitroso derivative of an ethane (190) (equation 123) should
be reinvestigoted. In another report it is claimed that

kKetoximes undergo clectrolytic oxidation in dilute sulfuric acid

to give gem-nitronitroso cenpour e {1683,
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26. Condensation vezclions

}

A variety of nitroco derivatives of heterocyclic aromatic
compounds have been oblained by reacticns in which the hetero-
Cyclic wing is producced by an intramolecular condensation. The

following exemples ove illustrative (equnbions 124, 125, 126).

ether ON . . ..

VL CO0SRNO A O oM CriEH s HOT e i N

C.(;}AJS\,() s NOQEHL A ('GM.‘)(""‘HZ HCL - J - “ N
dilute C It
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Cl 1
t I
C

~
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N s / P Cllv \T' N aim M L
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1.N) . C=1 0« ONCI (N 2773 KN o
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27. HNitroco cowpounds from diczo and diazonium compounds
Derivatives of diszoacetophenone in the presence of nitrosyl
chloride release nitrogen and Tforw gominal nitrosochlonide
adducts (203) (équaki@n 127); hovever, it is not established
that a corbene is an intermadiate. Nitvic oxide reacts with

NOCL ‘
BrCOCHN, == b ArCOCH (CLYRO = ArCOC (C1)=NOn (127)

diphonyldiazometlane to form a nitrimine (204) (equation 128)
Pregumably by way of an iminouy radical, (CGHS)Z

been detected (205). Nitrosobenrzene has been prepared from the

C=N0O, which has

Cowbination of phenyldiazoniuwn chloride and an alkaline solution
e o) B o .
Ol poltassiuwe ferricyanide at 07 for 80 hours (206).

NO

(CEllg) JCN,  wmmm} (CLT) ,C=RNO, (128)

28. DNatural occurrence

Aromatic nitroso compounds have been isolated as animal
metabolic intermediate. from corresponding aromatic primary amines
and from corresponding aromatic nilro compounds (207, 208, 209).
Bactoerial degradation of p-nitrobenzoic acid to p-aminobenzoic
a@cid epparently requives the intermedircy of p-nitroschbenzoic
acid (210). The green pigment ferroverdin is obtained from a

Specics of Streptonyces (211).
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1. Dimcerization

The dienugreticw Lor C-nitroso concounds was fivel dowon-

Strated in a meacurement of the magnetic susceptibility of

1

Nitrosobonzene and its p-dinethylanino devivative (2127,

Recently the first exemple of paramagnetic resonance absorption

for a Comitroso c eported for l-acetoz

-d-methy 1-
2-nitrosopropanz (coloriess solid) in a 0.1M solution (blue)

solulion contained about six percent of a

Joly derived from a diner. An e.s.r. signal
Vas not obtald

zd in similay investigations on pe-nitrosctolucnc

2-chloro-2-nitrogopropane and l-chloro-l-nitrosocyclohexane (213).

A tendency toward dimcerization is a distinctive property of

the nitroso group when attached to corbon. It is intimately

associated with, and usually detectcd by, the disavpearance of
- *
the blue or green color which originates from an n -3 #  trans-

ition with weal absorpticn in the 6300-8300 AY range ({=1 to 60)

eand is characteristic of the monomer. Many, but by no meons all,

examples are colorless or pale yellow diners in the solid state,



65H

bacoming monomeric on melting, in the gos phasc, in

o1

f

Two types of dimers ere known; one is en N,N -avodiowide, the
Oother is an N,N-dipcriluvoroalkyl-O-nitroschydyoxylamnine.

15 no known example of a monon

Nitrosomethane dimer the structure”

1S

t
N,N ~Qioxoazomethanc (214) 29) .

(equation L

3

n 1

Y additional @O

structur

ma v resonance

represented wit

G
7NN
~

v

- - 3
o —
i + (f
Re-T9-0-R Re-i-N-1
b i '

-

When they will dimerize, nitroso derivatives of allkanos,

pPresumebly alkvnes, and avomatic compounds follow the pattern

by nitrosomethane and yield the expectaed dicowide of an azo

Compound. This diwer structure is woll established by both

Chemical and physical evidence (215) but primarily by x-ray

Crystallography (216). Reduction of the direr of ¢-nitroso-

!
toluene to N, ~dibenzylhydrazine by

acid hydrolysis in'o benzhydrewide (218) and the

",. 2 .

e N L N R T
N ATORYXIoLsind

N e ey PR
GHia&ins and

firrom nitroso

aluminuwn enalgan (217), it

solultion.

There

(129)

alkenes,

sct

S
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clearly demonstirate the dimer N-N hond. In gencral, mixed dimers
are unknown; howovewr an incomplotely chavacterized nixed dimer

from a nitroscheptane and 4-nitroso-l-octanol heg been reported

(219). There continucs to be attemp to refine the description
Of the bonding and recently bond oxders of 3/2 were congidered
for the dimer ONHO system (220).

A greater thermodynar

e stability by about 25 kcal/mol fTor
Nitrosoparaffin divers with respoclt to correcponding monomnars is

diminished and monom

s arve stabilized when clectron-withdrawving
Cgroups aeve actached at the e-~position (221), e.g. the blue wmonomer,

2=bromo-2-nitr osopropance, giveg no indication of dinerization (222).

Monowers of nitrosoaromatic derivatives may be stabilized by

Lfesonence. Presumably this accounts for the dissociation of

Nitrosobonzene diner in benzene occurs ~ing too rapidly to be
Measured (222). Conjugation between an electyon releasing sub-

stituent in the position and the nitroso group furthe

enhances the stability of the monomeric form of nitrosobenzonc
with reespoct to its dimer (223, 224).  This coffcct is most
Pronounced in p-dimethylemino- and p-iodonitrosobenzene which are
blue sc.id monomzrs (223) and in p-nitrosoanisole (225) and
pP-bromonitrosobenzens (222) which are blue solid moncomers under
some conditions.

Stabilization of the dimeric form relative to wonomeric

derivatives of nitwvosobenzcne is brought about by ortho-

v

subgtitution and is most pronouncad whan both ortho- positions
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are occupiad by groups larger than hydrogen. A spechrophoto-

metyric study of the monomer-dimer ceguilibrivia in henzence for

~

& serics of Qerivatives of

-

Strated that an electron

fevors disscociation to the moncs

clectron~-dormonding was indicatsd Iy oa p veluo of -1.5,

A chonoe in Z7 gave a
neasure of the "resoosasnooe effecel” of the f-substituents

(C(‘),/C, Y., H, CH,, CL, BEr and OCH vivich was found to Le identical

rom the reversible formation of derivative

soof benzaldehydeo

Cyanohy

ization Ly an iondc reaction (223)

(covation 13 oo o agrecnaent with the resonarnce slructures

(cguation 131 in which the nitroso group is electron withdrawing.

o &

The ortho- Le attributed to steric inhibition of

resonanece in the monomer (226) or to a stabilirzeticon of the dimoer

through

ivhibition of resonance resulting in a stronger N-N

"~ R

bond (rore nearly a double bond) (215, 227). In contrast with

—_
o~
! "
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i
O
1
+
=
i
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(130)
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Trochly sunlinod 1o a green solid o

o a pale yollos polyieer (228) (oo
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Dimerization way be eliminated i{ intranoleccular interaction
between the nitroso group and an o-stbotitucnt in an aromatic
Compound may occur. o-Dinityvosobonzerns has boo

oan a postulatoe

I Lo

i
N
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[

intermediate (229) in the equilibration of uus

vactrically
subsltituted bonzfurowans (230)

(copation 133)

. A dimer of
o-dinilitrooolhnzend e unhnown, I

ArL

~2roequilibrivm,

i 133
i L /7 ( )

dinitroscolefine eve assunad intermadiates in the pyrolytic
1s0x

<

ization of unsywmatrically substituted monocycelic furoxans

(230) (ecusntion 134). In cach eva-ple (couations 133, 134)

' the

CH o les CoC H. 2o CHoC=CC. N 7 Ol o O
330 Er ey g (LB? %cb} L CLy=C e CeC T
Noowo g

N
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may exict as zwitterionic rosc

QEOnanen SUan

135, 1

D]
—
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o
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(136)

N
s
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O

stable

]
Certain cyclic azo-N,N ~dicrides aro

In gencral dimers of nitrosoalkancs in the

G

axe

trans- configuration (2

alloved only in configuration, c¢.qg., the arzodioxides

(3, 4,

~dinitrosobiphenyl

Dissociation of

he

has not beon denonctrated,

(116)

and d-nethyloinmoline-

"intornal nitroso dimers”

in

ring-oponing of fuvcrans, vide supra.

o



Nitrosobngeno

-contiguration but

1ts p-bromo derivative is a

arently en example

00 - L]

PLoa dimer of a nitrosoaronatic compound in both

:

cotions hes nobt boon oo G (221). Counversion of &
;

hi

Cowey bhe hroug

suion; the reverse process oocurs

RO

readily in nonpolar solvents without ivvadiabion (214).

in solvent effcols Lo botl the conversion of

s dimers and the dissociation of diwers suggests

of

iaomaeri--

o of

e othor knowmn

o]
[®]
~

IRRNE

mivation is o photochoniioend

feversible reaction and may be illustrated with tvifluoronitiro-

Somethanc (232) (cquation 137). There is no tendency for

dimerization Lo occur in the dark, even aflcer several

but on exposure to light (particularly uvlitravicelet light) the blue

Yas changes alwmoct guantitatively into a brown-red gas shown to

be the dimer. The reaction apporently proca.

wilth the fornation

2 CPNO (137)

. - Y N Ked
omer, ct.C.8, N diwmer of fe

athene hios been obtainoed from the conbination of
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nitric oxide end the stable di-p-chlorotetralluorcethyl nitric
oxido (233) (equation 138).
(C].C}'}‘ZC}E'Z) 21‘3(’)1":(} \ (ClC}T'2C',i:*‘2) 21‘7: oo 1O (138)

2. JTsomerization to oMimes

The nitrosation of aliphatic carbon atojs i1s an important
preparative nethod ffo.r; oxiwmes (lgonitrosco compounds in the oldoex
literature) in which the intermediate nitroso devivative may ox
Mey not be isolated. Isow  rization to the oxime, in the gas
phase, with melting or in a solution, may occur more rapidly than
dimarization, end is catalyzed by polar solvenls, strong acids

and baces and nitric oxide (231). It is apparently irreversible

7y

{equation 139}, vitrous fumes

,
oy
D
—
=
=
—
}
Q
0
o
ol
i
i
et
fte)
]
S0
ot
o+
—
.
—

(n Og) and the yoaction is corvicd out in etbexr, the inte

2

P '{“: e e )\ ':::’r{‘;!‘\‘; I
\ZC} N6 g 12(. IMO)E (129)
Nitroso compound may boe asolated (234).  Uhe first-ovder vapor

Phase isomerization of nitrosomathane, complicated by a contribu-

tion from a surface reaction, epperently proceeds by an intramoleculax
hydrogﬁn trensfer in agreement with a high negative entropy of

activation (235).

As the molecular weight increases, the rate of isomerizaoation

- e~ - - - 3
GO LG e 18




isomerizetion for RNO 1n the serviecs R = Cil4,

C(CH3 3 (236) . A particular interast may be found in

Ci1,Cil g, CH(CH3)2,
o-nitrosotoluenc which partially isomerizes into benzaldowime
on formatic by the oxidation of benzylhydroxylamine with
dichromate but is predoninantly transformed. into an extra-
ordinarily stable nitroso dimer (218). When trealed with
hydiogyen chloride in chlorofomm it is converted to a misture
Of benzhydrazide and its benzylidene devivative, both of which

have retained linked nitro gan atons (21.8).  Based on this infoxr-

Mation, it would appear probeble thet the conversion of certain
nitroscoalkane dimers inte corvesponding oximes reguires the

Iptermediacy of the wonm agreomont with the reavcangomont

Of secondary nitroso dimers in the presence of hydrogen chloride

which ig dependent only on dimer concontrabion sug
the rate-determining step is likely ¢ be dissociation to
monomey (237,

It wmay be asswaed that the base catalyzed isomerization
Of a nitreso monomer to the corresponding oxime procceds by the
initial abstraction of a proton from tho c-carbon atom. It wenld
then appear that the regulting carbanion exists in resonance with
an oximino anion {(eguation 140); however, availabkle chenical

evidence indicates that this anion reacts with cations only at

R CHEO = 0 ROCNO f % L, 0edl 0 DR, CENO (140)

.



oxygoen and/or nitrogen. An resonence structure for

the iminoxy radicel (BUL50) din which the vnpaired spin density

resides on oxygen and nitrogen and not on carbon has been

degeribed.  This problen of electron density distuibution may be

exlended to the intercsting nitrosolate anicong, R-C=NO

{
NO

Availaeble information docs not answer ceither the oucstions on the

PNt P R I o B
AL I B GO U B e I PR 7 | SR I

Question of alkylation at carbon. Apparently g

Compounds of the type R?C (170) ) whero R 7210 are not knowii. I

striking exanple of oxime dlity with re

lgsomer ie found in i in

R S TR S Ve SR B S
sl ovideltion to the coryespondin

Pexinae J-nitroindole, do not

requize cne intermediacy of a nitroso isomer (egquation 141},

- aary Ty e r e Ny s . g gy 4y N Ty T S cx
are uninown exceplt 1ln cortain oxamplaos

Indead 3-nit
where the ring rnitrogen carries a substituent. g-Nitrosopyrroles

inc green color on liberation from thoir sealts but

give &

1 J A T I
rapidly chongs to yollow, presuweably indicaliyve

1

03*?I"-If‘.in.opy::":y_'(,»lc:‘a:i.)"u:? ctructure (238) (equation 142).

[
I (14

pmm g
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An eqguilibiivn between o and ponitvosopbenol with the

Tegpactive guinone monoxinoe well es

tobliched, 1In solutions,
P-nitrosophoenol (about 15%) apd pe-benzoguinope wonocxime (about

SRS JRRNN o e - R ey Ve g : °
85¢) arc deiecled by aunlysis of spocltioscepic

(equation 143). The isomcers are isolated in two crystalline

forms, one is pale grecen, the othor is colorless. Alkaline

-~
solutions give a reddish-green color. A similar bright rod

anicn was obtained from the oxine of phthalic anhydride (240)

=N

(egquation 144).

{.\Iou NO NO NO

f/ -1 'l"/ Ny S N

I [ ’ Tt BV SRR B (143
: £ . . . t P f . # ))
i &1 < | ! A SN J

~. il ~ , ] A

3. Nitrogsoaronatic amine gzwitterions

A contribution from a

EC ey oo - R T - - e R .y Aoy e oy e RO oy -7 Ao e [ P .
asgignod to prinay, secondnry and tortiory p-eminonitroscohonzena

- —- . - -~

aerivaovives (o on 145) de reniniscon of a gimilar ¢

- e 7Y ~ e 1 i 2T e 1. £
for p-a Ponvene, ol CLl, ' byoproviaes a boaote foo




) o -

< Yoot | (145)
o R !
” 6‘ A

explaining reactionn with eclids end bagses and alkylations (eguations
146, 147, 149) and accounts for the high dipole wmoment of

P-nitrozodinethylaniline (216, p. 220).
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Alkylation (ecguation 148) occurs al oxygen rath than at aminc

nitrogen (see cguation 145) as ig seen {rom the produvct which

G 1134’11";33.}7&25:3 gives a diallkyl, rather than a trialkyl, awine (241).

Al ne

It has been reported thal aoy

(equation 149). In contrast

TN * R.COC] P

i (,6}15(, JC L H ‘

; ISR | y (149)
i/ i 7 | i |
N /J ]

N SN

phoenclic onygen @ is scen in the formation of Z,4,5-trimethony-
nitrozobenzone {rom 2,5-direthory-4-hydrosynitrosobenzene and

’J:i.y:'u';z'f:}’!_yl cualfele {(243) {ecuation 150).

4. Activalion of other substituents

A substituent other than hydrogen may be labilc at the
o-position. In mild acid treatment, 2~acctyl-2-nitrosoprowanc
loses the acetyl group (244) (eguation 151, A girdlar reaction

in base hus been rveported for the bonzovl enal

(245) (cgustion 152).
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+
¢ (No)coct, -~ (CH,) ,C=HON + CH4C0,H (151)

3772
HZO

1

~OCH .
CGHSCOT(CH3)2 ~m5~wwm)» CeHCO,Cily + (CHy) ,C=R0H (152)
NO CH,OH

3

The ring~exgzansion of 2-alkyl-2-nitrosc-l-indencnes to isocarbostyril

JAaand crmde S arme marr FaTl Tl s o aem T abad saamdd [AATY L orratd o TE2)
b T e S Atiea y TN S BN X 1 (& [ SR T N v s Y t"“‘ [WE Y \ K bt ) \‘»’\A.M\,.t Ve ke N L3 RN R )
-
AN J"“{-, . /‘l\: o ““:“ -
N R acid N TNy R
/ st N\
) < A
- N or ~ NOI
- . g NO P :
T base NP

Il
0 ' O

An incompletely understood acid hydrolysis converts 2-chloro-
2-nitroscbutane into a mixture of the oxime of butanone-2 and the

monoxime of butanedione-2,3 (246) (egquation 154). It has been

. NOH NOH
acid H

Ccl
1

| _ |
j . S E - ] 5

CrCe Il -y CH,CCH,CH, * CH,COCCH, (154)
NO H,0

suggested that these two oximes are first formed in the photolytic
transformation of the geminal nitrosochloride into an imidazole-

di-N-cxide (246) (equation 155).



Gt hv CH ) 5N
1 : et et e o e NPURTa e D i
NO 3=

(CH,CH

0

2)2

250N C
= h3

N
3 / CH,CIly

Aliphatic carboxylic acids in oleun are nitrosated at the
a-pogition and decarboxylated on treatment with nitrosyl culfuric
acid, c¢f.B.10. When o-hydrogen is present decarboxylation from an
oxime would account for the product, an aldoxime (247); but in
the nitrosative decarboxylation of an aromatic acid decarboxylation
from a tertiary nitroso com@ound is proposed, cf.B.10,

There is at least one example of g~halogen displacenment (248)

(equation 156). 4he electron vithdrawing power of the rnitroso

C// - (156)
™~

group has been demonstrated with p-bromonitrosobenzenz which
reacts more rapidly with silver nitrate solution than

p-bromonitrobhenzene docs (249).



other cateal

cenarally

Yeduction with the formation of cyclolic:y

Plhiydroxny Laws

Nitrozocyclohezane dim a ca

n . oy an .- . . - 0
Petal and acid combinations and certain lower valent matal

[s%e g o e R 2 . . - P I ey ey - Ve e
Solis algo gave reduction Lo the corresponding omine.  Comnon

is exceplional (253).

Cramplos include tin in hydvrochioric acid or stannous chlovide

(254, 255) or zinc dust in acid (256). Coucentrated hydrocliloric

acid both rvoduces end halegenates nitrosobenzene to forim chloyo-

azoxrybonrzonc, trichiloroaniline, chlorvoph - mylhivdroxylamine and

st (257) . Sodiwn bigulfite reducaed p-nitrosotolu

ooand also sulfonated the ving (258). Hydroiodis
acid transfomned p-onitrosodimethylaoniline into p-amwinomatlyl-

aniline by sinultancous recuction and demethylation (259).

Oxidotion of vanillyl alcolol to vanillin may be Lrought alout

With penitrorodinethylaniline (260)

s
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Oor an acild roducoy

o-henzocuinons dio

s

into the sowe prodoot (261) . A simidleax

over-all

Fel R N B T S T MR TR SN T = T e BRI
I the codivm s lt of the bigulfite adduct

alone-

o g oy Y N .
arnions ana wne te

ts radical anion as dolboermined
Neasurernocnts (282) (equeation 102) ond is the first stepn in the

Yeduction of nitrosobenzo
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(266) .

which the redosr potential varies wilh pll. The va

the

lebhiosphine reguires

deonygenea combination with

nitrosobensa

an dnt ol reacticn. CGvaol SRS O=1j
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conversion of o-nitroso-o'-azido binhenyl into bensooinig-

LA N-O

(} 5 | (\\ g (166)
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7. Oxidation

Nitric acid (297), hydrogen pevoxide (298), pcornanganate
(299) chromic oxide (300), persulfuric acid (300), almonLVQ
Persulfate (301), hypochlorite (300), peroxvaceltic acid (302),
peroxytrifluoroaectic (303), ozone (304) and other reagents

Oxidize nitroso compounds to nitro conpounds, The reaction,

PR 1 P T A I T P IO

.0 . - . B - P e e
LLE [ R Lkt L e e S L R B P CLLLNA L i L do G i)

.
[}

PO Tapr L T B B
Vet ana by Al

derivatives, often lecads to several products. In strong nitric
acid, nitrosobenzene is transformned into nitrohenzoene, p-dinitro-

sobenzene, ~nitrophencl, 2,4-dinitro-~phonnl, pleric acid and
b ¥ I I ¢ N

Ozalic acid (305).

With first-ovder dependence on cach reactent, nitrosco-
benzencs are owidized by psroxyacetid acid in amﬁcous ethanol to
Corroe ;pc»ml"lm nitrobenzenes (302). The reaction 1s accelerated
by clectron-releasing prsubstituente and by changing the solvent
from ethsrol to water, and it is decelerated by eleoctron-withdrawing
P-substituente, Apparently'a‘greater acidity in the paroxy acid
enhancesg the recaction; perozychlorcacetic and Caro's acid each
Oxidize nitroso benzene more rapidly than docs peroxyscetic acid.
A mechanis: congistent with thes iacts calls for a reaction
initiated by a nucleophilic attack of the nitroso nitrogen on the
Oouter oxygen of the peroxyacid with a transition state composad

of the peroxzyacid, the nitrosgo compound and a solven! molecule.
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This mechani

of tha subotituent efifect (p -1.58), the

- ., - : R T R - R A !
for pitrosobenzene (8. 16.1 keal nole ; 8 -22 cal mole Gog ),

~

and thea abscnce of acid catalysis.

The resistonce of n-trifluoromcthylnitrosobenzenc tovard

oxidition by permanganate, dichromate or hydrogen peroxide in

-

acetic acid (306) is not typical and gives a striking contrast

With the facile oxidation of the nitroco group in 2-hydroxy—3-

nitroso-4~aminopyridine by hydrogen pervoxide in sulfuric acid- (307)

(equation 170).

A l,
.:e’}/‘ B A MNO Prd o "-..‘\’\ le)
SN w1 STy T2 170
i it ) ! (170)
e 40H o7 oy
N N

~

An intramolcocular transfer of nitrosc and

nitroe groups ortho to each other in avonatic compounds or on

A

adjacent parafinic carbon atoms is thermally produced in one

kg
h.,

instance and bzse~catalyzed in the other (eguations 171, 172).
,Y 1 !
The intermediacy of a furoxan oxide and a dihydro furoxan oxide

spactively may be reguired (308, 309).

\\ ., NO heat |, AN 1o,
( o O (171)
- NC N g].\\

~ - e
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RpG o GHR o RyCoess CR (172)

- T - 1 T( -
NO I\O2 1\02 NO

byt R,

8. FPree radicals

-~
()

™

Free vadicals tend to attack the nitroso group in pairs in

& resction leading to the formation of an O,N-disubsztituted

3o 1 - . P . - s -
‘ bywronylignrase,  Thoe addvet teiFineronitrosomnethane and two

molecules of nitric oxide hag been isolated (310); hovaver, the

rango-

with reo:

Yeaotion ially procecds at higher tonperatuce

ment Lo o diazoniuvm nitrate and svboeguoent decomposition (311)

(conation 173)Y. Certain aliphatic nitroso compounds cowbino

NO, + WO T 2EG, (173)

with nitric oxide to form cerrcsponding nitro compounds and
Nitrate esters along with trace amounts of rite esters {(312)

(equation 174). Presumably, a dinitrosohydrozvlamine and a

diazonitrate are intermediates.
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N0 NO T ONO s
e bt s e, - 4 ‘

/
. 25-50° P
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(174

g-Naphtlhol is trancsformed into a diazooxide on additicon to

the reaction mixture in which l-nitrosoboxy:

nitrvic cxide in methylene chloride at low temperature (213)

(ecguation 175). On sinmilar

¢imathylaniline is trans-—

Lormed into ity w and prdisuonivm sall derivativos,

ONCICC M,y =

N ¥ e ~ A | | |
ey f \} I 1 - }1(1:‘:5(;(;4“9 (175)

Many, but not all, radicels readily wreact with the nitroso
droup. Nitrosobenzene has an exceptionally high "methyl affinity"
v o b "\'aii ey 3 4 = (3 2 . 4 . 1 a |
(ca 107) (314) but has less tendency to react with triphenylusthyl
(315) . ¥t has been reported that nitrosobenzene reacts with
triphenylmethyl in benzene to produce triphenyloarbinol and

Fhy

P,p —ditxiphenylmethylazoxybenzene (316). Tho formation of

P e | N ~ oy o A [T S P de ey e -~ A1 - < e
"(-1-'-(-3‘~_‘;’1.«'_f..‘L.Lllfl Trom nitrosonm Lllt.‘.jb:' FSRRES) J‘,,'\,?Lh‘f]... radi Cc".],fy at

bhooen demonstrated (3175 . I oeonuxaot,
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apparently

socohydronylewine nor a tripey-

Lluoroalk

has bheen detac

dimerization of a perfluoronilrosoallance which preoun

procecds with the initial formation of a nitric oxide and &
pevilucroallkyl with subsceguent addition of each to an wnchangod
perfluoronitrososlkanc, ¢f.C.)l. A radical mechanicg was

r

proposed to explain th e of Wetvifivoromethyl-1F -

fluorodiimide oxide f the photochemical or the

yeacition of trifluvorenitrosomethone and toet

.
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(318) (equaticn 17
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a8 o

cnmoncltirates

. Monoolefins

Both oxazetidines wnd copolymers arce foruwed in reacltions

betveen perflvorertefins and pexrfluoro nitroso derxivatives (320)

L

(QC:{I‘IEttiOH 177). At lover temperatures polymer formation way

p\ho ~ads d,.,&.:».. Pyrolysis of the fron dipnonyileteanns

-~

NG R RN P (U7
. 2727 n
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and trifluoronitrosomethane gives both triflucrowethyl
lsocyanate and trifluoronitrosomethane (321) (eguation 178).

Apparently two oxazetidinones resulted from the combination

I
i

300°
(C6H5)2$~?w0 s CFNCO 4 CF 5NO (178)

—JCH
O Icij

of diphenvl ketene and nitrosobenzenae. Pyrolysis of one gave

4 Y
benzophenone and phenyl isocysnate; the other was less stable
and readily dissociated into carbon diexide and benzophenone

anil (327) (equations 179, 180);

oo B | ’
?_Qmo )-(c6H5)2co + CHENCO (179)

|
- N 4
o) ‘d“6H5

C H.N-0
0 O

(C6H5)?C~?:O W“—f?(C6H5)2C:NC6H5 + C02 (180)

CTrifluoronitrosomcthane gives a 1:1 adduct with cthyl
azodicarboxylate and both a 1:1 and a 2:1 adduct with
styrene (321). The lotter equinolar adduct undergoes
pyrolysis with the formation of trifluoroitrosomethanc,
formaldehyde and the Schiff base of triflueoroucihy] aming

) e

and ©houzoldensde loone

L3 e 'l v 21 o 7due obhtainnd from
<'(.‘;l Ao -«
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2 o “I==CH T 1,.CH=HXCT - CH 4+ CF L NC 181
(Cﬂ.3PK))2 ~ C }iSCJx CH C _H. ICA,B B QJ 0 C D ( )

6 g T CHlgtEE 2

w

trifluoronitrosomethune and trifluocrostyrene (323) also
releases trifluoronitrosomethanc on hoating. From n.m.r.
data the first of the-2:1 adducts has been assigned the
structure of a tetrahydro (1L,2,3) oxadiazglc (6) and the

latter the structure of a 1,2-diazacyclobutane (7) (323) .

) : P T
I3 Getls |

- JE—————— () ‘: \“ ,“I"
O&—N CH C 6145% (“
/ \cn F 3C——N--N~-CF
F3CN\ -ty _ L4
© 00

6 7

These adducts are structurally different from the adduct which
has been obtained from nitrosobenzene and styrene and has been

shovm to be an unstable tetrahydrofuroxan which dissociates

Nl

into nitrores (32h)  (equation 18Z).

2C HC)NO + C

b “H= ‘:LT
6 HSCH Ci

3

3 CH — CH )

H
65 2
2 / \

C_H_.N NC H
65 675
e')[\O/ ,J

6

0 o) ' 0

r‘\ ’T '»
e b AR PR Pol 1 2 bR 5 el b e YTONIOY
\w6115(41w4mv6I15 t CWI2~HTC.J$5 ( B IQVJJAVGIIS)

6 (182)



10. Acetylenes and arynes

S

Certain acetylenc

Compound to give vicinal bis

A big-nitrone, 1,2,3,4

also obtained from l-morpholinocyclohexene ahd o-

benzene (benzfuroxan) (326)

combine

—tetrahydrophenazine-1,N'-dioxide

with two wmoles of a nitroso

. P
b 02

()

~nitroncs (325) (equation 1

1s
iinitroso-
184).

(equation Other eneamincs

gave similar reactions. Nitrosobenzene adds to benzyne in a
} more complicated reaction which leads to the formation of
N-phenylcarbézole (327) (equation 185).
CHNO ,
C=CC_H ) =
CH5CECC H, > (cgugi(o)=cen,), (183)
7
N(CH CH,) ,0 //\ /N\ NN
t IO OOSES
NO
’ \/\N/ ~
J-
O
///ﬁ\. O
) 4 ( (185)
CHNO 4 | C) L ' ) 5
\// / \N/\\’/
I
3T
Ce''s
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11. “Thioketones, phosgsphorous ylids, azomethine derivatives

Nitrogsobenzene combines with a variety of doubly unsaturated
bonds connccting carbon to a hatercaton (equations 186, 187, 188,
169), but it is not kunown whether or nob these reactions
with the initial formation of four-membered.rings (228, 329)
The cleavage of nitrones by nitrosobenzenc (egquation 189) is
apparently slow since nitrones are often prepared by reactions
of nitroco compounds.

C H NO

Ar (=8 —-——S-m3  Ar,C=NC . (186)

+ ' C HNO
Ar,C-p(C ) o~ —> Ar,C=NC Hg (187)

H.NO

65 1C :
(C6H5)3P:N—N:C(C6HS)2 —»~mwmww~> (Cghg) pC=NCglg (;88)

+ N2 + (C61%5)3£O

0 O

N C By NO T :
RCH=NC H wwmlmuwmf} RCHO + C_H. H—NF H,. (189)
65 6 6

As a nucleophile, nitrosobenzene combines with benzonitrile
oxide to produce a nitrosonitrone (330) (cguation 190). On mild

heating the latter cyclizes.
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0 H
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N el oo b
TN N N
O /cc Ho C) /(,06115 (190)
- N N
[
OH

12. Diazoalkanes

Many combinations of nitroso compounds and diazoalkanes
lead to nitrones (331) (equations 191, 192, 193, 194). 1In the
Yeaction with diazomethane oxidation may occur and the product
is a bis-nitrone (equation 1%21). The same nitrone is obtained
from the reaction between formaldehyde and phenylhydroxylamine
and from the reaction between diazomethane and nitrosobenzene
(332) (equation 195). It has been suggested that the reaction
Proceeds by electrophilic attack by nitroso nitrogen upon
diazoalkane carbon (333). This is in agreement with the fofmation
of an adduct between trifluoronitrosomethane and diazomethane
which subsequently loses nitrogen (321). On treatment with
di:zomethane, the reduction of nitrosomesitylene to the corres-
ponding hydroxylamine (334) may have procecded with the initial
formation of a nitrone followed by the Krohnke reaction, cf.C.18.,
in which the nitrone is cleaved to an aldchyde and a derivative

Of hydroxylamins,
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CH,N, ( \ 191)
AR SR U < SR el 9.
C I NO > \CgFN(0)=Ch (
(C M. ))Ch/
CeF O e b = CeFeN(0) =C(C hr)P _ (192)
CF.,CHN.,
T NO e =N L wCHOm
CH NO > CeH N (O)=cucry (193)
CF,CHN,,
e TN s it o et { =CHOWw 3
(CH,) ,CNO > (CH;) ,CN(O) CHCF (194)
CH,0
T HONHOH e S . 1 ¢
C B NIOH > CHZ(N(C6H5)OH)2
CH,N,
(-en=n(o)c 6lls), e GHNO . (195)

13. Conjugated dicnes

Dihydro-1,2-oxazines are rcadily obtained from aromatic
nNitroso compounds and conjugated dienes. The addition of an
aromatic nitroso compound to 2,3-dimethyl-1,3-butadicne follows
first order kinctics in each reactant with low activation

€ncergics (14.23 kcal/mole for nitrosobenzenc) (335) (cquation 196) .



ATNO -+ mee | (196)

Nitroso dimers may combine with dienes with the formation of
tetrahydropyridazine»N,N'~dioxides (336) (eguation 197).

0

VS
~ N

it I (197)
,J\\\//NAr
N

¢

- J =
(A£h0)2 L

An unsymmetrically substituted diene may combine with a
nitroso nmonomer to give a mixture of the two expected structural
isomers (337). Apparently the monosubstituted l-aryl-butadienes

~9ive exclusively the dihydrooxazines in which oxygen is attached
to the benzylic carbon; the disubstituted l-phenyl-4-carbomethoxy-
butadiene gives the isomer in which nitrecgen is attached to the
benzylic carbon (338). Nitrosobenzene failed to react with
anthracene (335).

Aliphatic nitroso compounds are more resistant to diencs;
2-methyl~2-nitrosopropane failed to react with 2,3-dimethyl-
butadienc (332), however its perfluorocanalog combined with
butadiene over a threce day period in a sealed tube (340)

(equation 198).

(C (198)
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Both a-halo~ and c¢-cyanonitrosoalkanes also combine with
dienes to q1vo the expected dihydrooxazine (339). The resis-
tance of both l-chloro-l-nitrosocyclohexane and nitrosobenzene
to react with 2,3-diphenyl-, 1,1-diphenyl~-, and 1,2,3,4-tetra-
phenylbutadiene -~1,3 (341) may be attributed to a combination
of steric and electronic effects but a steric hindrance does
not prevent the addition of aromatic nitrosc compounds to 1,3-
diphenylisobenzofuran (342) (equation 19%) or to tetraphenyl-

cyclopentadienone (343).

H

6 5 ?6H5

C C
= \ ArNO N | “war

/ 3y O] o | (199)
X | O
N7 X % \?//

CeHyg Cele

14. Compounds with active hydrogen

A compound which contains an active hydrogen may add in
thé expected manner to a nitroso group; diethyl acid phosphite
adding to trifluoronitrosomethane gives an example (344)
(equation 200). The nitroso group may also combine with

cr NO + (C O) PHO w~4?~CF3§P(O)(O’ H )2 (200)

3 275
OH

hydrogen azide. From aromatic nitroso compounds the corresponding

aryl azides are often obtained in good yield. As expected,
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electron withdrawing ring substituenfs facilitate the reaction.
In support of both a linear and a cyclic pentazene intermediate
(345), it has been shown by isotopic labeling that the two outer
nitrogens in the product azide are derived from the outer nitro-
~gens in hydrogen azide (equation 201). The.reaction has been

extended to the preparation of a-nitroazidoalkanes (346).

0]
BN, OH HN, + +
AXNO ===y  ArN-N ——) ArN=NI ——23 ArN,N,——> ArN=N-N=N=}
-N v - or
2
ArN=NOH
N=N .
= Ar-N il AN, ———) ArNH, (o N'7) (201)
3 2
N :

. . . — -0 .
Nitrosobenzene is feebly basic (pKa == 0 at 25° in absolute

methanol) (347); nevertheless, aliphatic and aromatic nitroso

compounds are sufficiently nucleophilic to form adducts with

P~toluene sulfinic acid (328) hydrogen chloride (3486, 349,

w

50)
and hydrogen bromide (349). Presumably the adducts are hydroxyl-
amines ({(equation 202). In one instance a nitrosotoluene was
transformed into a cresol by mineral acid conceivably by cleavage
to a nitrosyl halide followéd by diazotization of unchanged
nitrosotoluene and hydrolysis (348) (equation 203). This agrees
with the demonstration of the reversibility of nitrosation at
carbon in which p-nitrosodimecthylaniline was produced in an
alcoholic hydrogen chloride solution of p-nitrosodiphenylamine

and dimethylaniline (351). Concentrated sulfuric (352),
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HX
ArNO > AN (X)OH (202)
HX
ArNO ——-——y Arf + NOX
NOX HOH
ArNO -~———> ArN,X ——— ArOl (203)

hydrofluoric (353) or peroxytrifluoroacetic (303) acid may cata-

lyze an addition of nitrocohenzene to iteoolf (cquation 204). Similar
acid .
2C HNO ———> p-ONC H,N(C H:)OH (204)

condensations occur with o- and m-substituted derivatives of
nitrosobenzene (352), but more complicated reactions occur when
@ substituent is para to the nitroso group. From p-nitrosotoluene
in concentrated sulfuric acid in acetic acid, dimethylphenazine
oxide, dimethylphenazine, p-azoxytoluene, p-~azotoluene and
unidentified compounds are obtained (354).

Phenols combine with nitroso compounds with the generation
of a new carbon-nitrogen rather than a new oxygen-nitrogen bond

(355) (equations 205, 206). Ring-closure to phenoxazine derivatives

may follow.

4
COC6H5 COC6H5 COC6H5 \

NO mrmremrree NOH

(j) i <:) ““““>’ <:> : (205)
HO! ™ OH HO oH HO! Ol
- ™ ™

-

OH . OH OH
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N (CHB) 5

i N A
/CS\( \\\\r/ \\\i (206}
(CH ) ,N l\/\ ) AN

There are at leést two condensations with phenols which have
been developed in qualitative detection of the nitroso group.
On treatment of a nitroso compound with a one percent solution of
resorcinol in concentrated hydrochloric acid, a blue-violet color
develops which after dilution with water, and extraction with
ether, gives a red color (355a). In the other test, C-nitroso
compounds, from which nitrous acid is eliminated upon treat-

ment with concentrated sulfuric acid, give Liebermann's test

with alkaline phenol. The nitrous & ' reacts with the phenol
to give p-nitrosophenocl, which cond¢ with more phenol to
give indophenocl; when the product i: - . :red into alkali, the
‘blue color of the anion appears (355 . (eguation 206a).

Q1 )¢

AL, x,

N . = /"‘"_"""\

O + [O)= o S {OYa

- S T , A——

NO l

~g-

PR / l“i.:w . \
0= \r;,,}; : /\() N (2065)
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15. Complexes with metal salts and Lewis acids and metal
chelates ’

Certain nitroso bases give colored precipitates of the
Corresponding ferro- and ferricyanide conplexes. For example,
P-nitroso-N,N-dimethylaniline ferrocyanide precipitates in
red-brown needles which appear blue by reflected light (356).

Sunlight irradiation of a potassium ferrocyanide solution with

the formation of a complex salt with RNO of the type K3
l‘g‘e(CN)5 .Rgé] (357). A similar exchange reaction between

Na3 Fe(CN)SNggl and RNO is brought about by sunlight and is
accompanied by a color change from bright yellow to violet or
~dgreen and has been used for the detection of aromatic nitroso
Compounds (358).

Complex salts from nitroso compounds and certain metallic
halides have been noted in several instances. The green solution
of nitrosobenzene, when mixed with an alcoholic solution of
Cadmium iodide, slowlyAdeposits very small coloriess crystals of
the salt, (C6H5NO)5.CdI2 (359). With bismuth trichloride and
P-nitroso-N,N-dimethylaniline, a similar complex,

2 [%NNOC6H4N(CH3{£]°3BiCl3, is formed (360). Yellow amorphous

Complexes have been reported for 2C6H5NO‘SnCl4 and 2C_H.NO«TiCl

65 4
(361). By the direct addition of one mole of p-nitroso-N,N-

dimethylaniline with one mole each of various uranyl salts in
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suitable solvents, amorphous colored addition conmpounds are
formed. For example, E—nitroso~N,N—dimethyléniline uranyl
nitrate is amoxrphous, dark yellow and explosive; bis(p-nitroso-
N,N~dimethyl-aniline) uranyl nitrate is orange-red and also
explosive (362). Attempts to prepare similar salts from
unsubstituted dimethylaniline failed.

A 1:1 adduct from nitrosobenzene and boron trichloride
has been detected but not isolated (363) and a 2:1:1 adduct from
trifluoronitrosomethane, perfluoroethylene and phosphorous

trichloride has been isolated (364) (equation 207).

F F
YRS SU—— F
Cr._ N NCF 2
» - - — 3 3 ——l
2CB3NO + C2F4 4 PCl3 } ‘ \ }
O\B/O'
Cl3
H3PO4 + 3HC1 + CF3¥CF2CF2$CF3 (207)
OH OH

A nitroso compound may be completely decomposed on shaking
With mercury for a day (365) but nitrosoacetylenes and their
mercury derivatives can be prepared from the corresponding mercury

acetylides (366) (eguation 208).

NOC1

(Q41~19CEC)2Hg Ty CyHGCECNO + (C HNOMg) (208)
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Chelates of nitrosophenols and metal jons have been adapted
\ to analytical procedures and are of wide importance in bonding
metal dyes to fibers (367). fThe cobalt chelate of Gambine y

(lﬁnitr050m2wnaphthol) is a representative example (equation 209).

(,) | —--;-~* k()/l\/‘ (209)

The saimc nitrosonaphthol combines with dialkyltin chlorides

without chelating the nitroso group (368) (equation 210).

NO ' |
| . | /YO\ cng
/éf\r T\M»MGH (CH3)ZSnC12 ?\ ~ S o PN - SN e O
O10] > ([(OTOT &,

\‘\./ //‘\\, '\ e \/ '

(210)

In the presence of acid, copper combines with the ring-opened

lsomer, o-dinitrosobenzene, of benzfuroxan (281) (equation 211).



0~ 0
[ b
= 74 \\Cu/z (//ﬂ\\T/, \\Cu/z
é &S (:) | é (211)
N \\N’/ k\\//‘\\E/

16. Terminal methylene groups

Certain olefins which do not combine with ﬁhe nitroso
. group to give oxazetidines, cf.C.9, and have hydrogen attached
to olefinic carbon may add to the nitroso double bond with the
formation of an N,N-disubstituted hydroxylamine (323)

(equation 212, 213). The reaction in which three molecules of

CF,NO
- — 3 Ny ~Cy
CH,,=CHCO,CH > CE3FCH CHCO,,CH, (212)
OH
CF ,NO _
o - P~ . o =
CH,=CHOCOCH, > CF3NCH=CHOCOCH, C(213)

OH
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nitro;obenzone combine with a CcHg unit in rubber may require
an initial addition of this kind with subsequent oxidation

to a nitrone and azoxybenzene (369) (equation 214). The big-
nitrone obtained from nitrosobenzene and p-benzguinone (370)

(equation 215) may also require initially the formation of a

bis-hydroxylamine since azoxybenzene is also produced.

CHNO C HNO
»CHZ—?:CHCHZM —_—— ~CH2~?-~$—CH2~
CH, ' CH, N (CH)OH
-CH:C«W~%wCH2~ + CH NHOH
CH. N->0O
3
Cells
o)
C _H_NO A
C ¥ .NHOH 6.2 > ¢ _H_N=NC,H
6 5 ‘ 7 “650 605 (214)
0
J J
CHNO S N (OH)C H C HgNO
N (OH)C H, ~CH NHOH
i
0
o)
I
=N(0)C H
: 65
! (215)
1 =N (0)C, H,
6 b
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A similar attack by nitroso nitrogen on a terminal
methylene group in an azomethine linkage has been described
(371) (equation 216). Probably the base catalyzed addition of
an aldehyde to the nitroso group is a related reaction (372)

(equation 217). Safrole reacts with nitrosobenzene to give a

-
Ciiy=NAx 6y CgHGNCH=NAT (216)
OH
AxrNO
RCHO ———=7 ArNCOR (217)
AL(OR) 5 on

nitrone and azoxybenzene; presumably the expected hydroxylamine

is an intermediate (373) (equation 218).

o o
yd , CH..CH=CH C,_H_NO (0]
CH <:> 2 2 675 M> >
\f ArCH2CH~CH§c6H5

o OH

0 o)

ArCH=CICH=NC ,H

¢Hg * C6H N=NC 1 (218)

5 65



los

17. Grignard reagents

The early work of Wieland demonstrated the initial formation
of an N,N-disubstituted hydroxylamine salt which subsequently
may be reduced by an excess of the Grignard reagent to a

Secondary amine (374, 375) (equation 219). Hydroxylamines were

Ar 'MygBx H.,0
AXNO : > -

‘ Axr'MgBr H20
ArAr ' NOMgBr > ArAr'NMgBr -——%— ~> ArAr'NH (219)

not isolated from nitrosobenzenes in which powerful electron-

donatipg‘groups such as methoxy and dimethylamino occupied the

para-position and further reaction leading to the expected sec-
ondary amine was detected (375) as well as reduction to corresponding
azobenzenes (376). The formation of intermediate nitroso radical
anions (377) appears probable but would not be required for the
formation cof p-tolylphenylnitric oxide from either p-nitroso-
toluene with phenylmagnesium bromide or nitrosobenzene with

p-tolylmagnesium bromide (378) (equation 220). Both dialkylzinc

p-CH,C_H NO Colls p-CH4CgH M Br
. o - 1 J f e
+ ) p-CH,CH,NO & +
> J
CgH M, Br CHNO

and alkyl Grignard reagents transform 2-halo-2-nitrosopropane into

products of dehydrohalogenation, reduction and condensation (379).
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18. Ehrlich~Sachs reaction

A base catalysed condensation between an active methylene
group and the nitroso group attached to an aromatic ring is
known as the Ehrlich-Sachs reaction (380). It is presumably
initiated by a nucleophilic attack by the corresponding carbanion
on nitroso nitrogen. Dehydration of an assumed intermediate
hydroxylemine gives the expected product, an anil, in competition
wWith oxidation to a nitrone (equation 221). Unreacted nitroso
compound may serve as the oxidizing agent and is thereby reduced
to an azoxy compound or an amine. The catalyst is usually
provided by an agueous alcoholic soda solution but sodium alkoxides
(3¢1, 382), alkali (383), piperidine (384) potassium cyanide,
trisodium phosphate and other bases have been effective. 1In
~general the reaction leads to a mixture and there is limited

aq

Success in predicting a predominance of dehydration or of oxidation

pProduct. Typical examples of compounds containing an active
Axr
OH ArNO N , H,0
>CH, ———% >CH - CHN-O i
2 4 ~OH
-H,0 4
Y CHN(Ar)OH -——%5—) >C=NAr (221)

J[o]

> C=N(0)Ar
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methylene group which participates in the Ehrlich-Sachs
reaction include benzyl cyanide, 2,4-dinitrotoluene (384),
certéin cyclopentadienes (385), benzyldiphenylphosphine'
oxide (382), indole (386) and certain other heterocycles
(387).
For an example of a postulated intramolecular condensation
Of an o-nitroso-N,N-dimethylaniline leading to the formation.of
the corresponding N-methylimidazole see B.22. In the condensation
with indole the required anion is one expression of the resonance

anion of indole (equation 222). An unidentified product,

C6H5h0 =NC H5

N — T g
H,0 -

N

(222)

C9H7O?N, formed in the absence of base from paraldehyde and
O-nitrosobenzoic acid exposed to sunlight may be the expected

anil (388) (equation 223),.

NO . paraldehyde N=CHCHO
> ? (223)
COo,H sunlight CO,H '

Benzyl and certain other halides also condense with aromatic
nitroso compounds to give nitrones (383) (equation 224) by a

Yreaction sequence in which initial attack by either a carbanion
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| ar two —Br— -
AXCH,Pr -~ > ArCHBL > Arﬁﬂ (224)
o~
Artn-0 e 1N o

or a carbene secms plaugible. Additional base is not requi:

.for the condensation between p-nitrosodimethylaniline and

ethylene dibromide. The product, identical with the bis-

nitrone obtain;d from p-nitrosodimethylaniline and diazomethane
(389) (equation 225), ¢f.C.12., is transformed into bis-dimethyl-

aminoazoxybenzene on being heated with p-nitroscdimethylaniline

in ethanol. A preparation of aldehydes from nitrones by hydroly-

(CH

P-ONC H, N (CH

.>r)
2 Ve ((CH

CZHSOh

NC H N(O):CH)Z (225)

6 13) 3) o NCgHy

sis (Krdhnke reaction) calls for a variation in the nitrone

gsynthesgis in which the halide is first transformed into its

pyridiniunm salt (390).

Sulfoniunm (RZS—CRz) and phosphonium ylides readily combine
with nitrosobenzene to give a nitrone and a sulfide in the former
examples (391) (equation 226) and an anil and a phosphine oxide

in the latter (328), cf.C.1l.

— + C6H5NO
Ar ,C-S(CHy), —— = ~> RAr,C=N(0)C Hg + (CHj3),S (226)
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19. BAmines, hydroxylamines, hydrazines

Aminea( hydrazings and hydroxylamines are additional
reagents which may attack the nitroso nitrogen. Azo compounds
are formed in the condensation of primary aromatic amines with

aromatic nitroso compounds generally carried out under mild

“Conditions in acetic acid (392) (equation 227). Unsymmetrically

Substituted azo compounds are readily obtained; p-toluidine and
nitrosobenzene or aniline and p-nitrosotoluene give nearly the

theoretical amount of benzene-azo-p-~toluene (393).

' o
Ar NH2

ArNO } ArN=NAT" (227)

CH3C02H

From a kinetic study a rate determining step in which
Protonated or acid-activated nitrosobenzene attacks nitrogen of
free aniline in acetic acid has been postulated (394) with the
recognition that a protonated N-anilinohydroxylamine may be an inter-
Mmediate. Oxidation of the intermediate accounts for the formation
Of corresponding azoxy compounds as by-products (395).

In reaction with m- and p-nitroaniline, nitrosobenzene gives
the expected azo compound; but o-nitroaniline combines with
nitrosobenzene to give o-nitro-p'-nitrosodiphenylamine (392)
(equation 228). It is reported that o-nitroaniline does not react

with either o~ or m- nitronitrosobenzene.



C6HQNO
= o
gfozNC6H4NH2 7

- . 228)
2 02N96H4$H (

_E—-ONCGH4

The condensation may lead to interesting variations
as the folidwing three reactions will illustrate. (1) An
unidentified product, C26H180N2’ was obtained from nitroso-
benzene and a-naphthylamine (396). (2) Aniline condenses
With each nitroso group in derivatives of p-dinitrosobenzene
to give both the-expected gigfazo— s well as the azoazoxy-
products (397). (3) Azophenine is obteined on treating p-
nitrosodiphenylamine with aniline in the presence of its hydro-

chloride (398) (equation 229).

NC H
NHC Hg 156"'s
NH NHC _H
Cetls™a 65 (229)
- 4 NHC H
HC1 65
I
NO | NCH

There is a lack of information on possible reactions
between primary aliphatic amines and nitroso compounds.
Dilute aqueous ethyl amine reacts with l-nitroso-2-naphthol
to give l-nitroso-2-N-ethylaminonaphthalene (399, 400) and

no product was reported which would indicate a reaction at



114

the nitroso group. 1In general aromatic nitroso amines are
produced by digesting nitrosophenols with hot so0lid ammonium
éhloride and ammonium acetate (401). Secondary amines may
react in a complicated way with nitrosobenzene to give
azobenzene, nitrobenzene, aniline and azoxybenzene. A small
portion of the amine is changed into an N,N-dialkylhydroxyl-
amine which also appears to be formed when nitrosobenzene is
heated for a long time with a tertiary amine (402). It would
appear that secondary amines are not highly reactive toward
the nitroso group since piperidine is sometimes employed as
a catalyst for other reactions. In concentrated sulfuric
acid certain nitroso compounds and diphenylamine condense
through the para-position to form highly colored blue
quinonimines, sometimes used to detect the presence of a
nitroso group (403).

Safranine, one of the earliest synthetic dyes, is a
derijvative of phenazine. A safranine dye may easily be
Obtained by heating p-nitroso-N,N-dimethylaniline with a
Primary aromatic amine in the presence of its hydrochloride
(404).

Hydroxylamine will transform an aromatic nitroso compound
into a diazonium hydroxide (400, 405). .The reaction is probably
catalysed by base and is limited to those nitroso derivatives

which may not isomerize into oximes. As expected, many
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nitrosopyrroles and nitrosophenols do not react in this way
with hydroxylamine (406). On tﬁe other hand primary and
Secondary amino derivatives of aromatic nitrosc compounds are
More resistant to isomerization and are often diazotized by
hydroxylamine. The transformation of R~anilinonitrosobenzene
into p-anilinophenyl azide also demonstrates that an initially
formed diazonium hydroxide may react further with hydroxylamine

to form an azide (407) (equation 230).

H,NOH + _  H/NOH
p-CHNHC H NO -?;;j—wé CHNHC (H N OT  woromoeey
C6H5NHC6H4N3 (230)

In the presence of hydroxylamine, g~nitroperfluoronitro-
Soethane is transformed into nitrodifluoroacetic acid (408)

(equation 231), apparentiy by way of an intermediate diazonium

Compound.
H,NOH P8 ~H,0
v [~ S—— J : e o
0,NCF ,CF ,NO > O,NCF,CF,NNHOH >
H,0
2 O
<5
-N, ~HF
0,NCF,CF,N=NOH ——== O,NCF,CF,0H e
) 2 (231)
0,NCF,COF -~ 0,NCF,CO,I
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A condensation between an aromatic hydroxylamine and an
aromatic nitroso compound leads to (an) azoxy compound(s) and
Mmay occur in acidic, neutral or basic solutions. From either
p_~-chlorophenylhydroxylamine snd nitrosobenzene or p-chloro-
nitrosobenzene and phenylhydroxylemine, a mixture of all
possible (four) symmetrically and unsymmetrically substituted
azoxybenzenes are formed (409) (equations 232, 233). Apparently
an equilibrium between each nitroso and hydroxylamino compound

is present. In the condensation between nitrosobenzene and phenyl-

E—XC6H4NO + CGHSNHOH'QE'E—XC6H4NHOH + C6H5NO (232)

NHOH A
4 —-) ArN=NAr'
HNHOH

E—XCGH4NO . E—XC6H

C_H_NO Cc

65 6

(4»products) (233)

hydroxylamine in acid or neutral media, the rate is proportional
to the concentration of each reactant and shows a variation with
acid concentration. Two mechanisms proposed to fit the data
(409) require (1) a reaction between free hydroxylamine and free
nitrosobenzene in neutral media (equation 234) and (2) a
condensation between phenylhydroxylamine and protonated nitroso-

benzene in acidic media (equation 235). Either intermediate
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OH 0O

CgHgHHOH - — C6HSEH—-I'\IC6H5---~} CHN=NC H (234)
0
-+
0
CHGNOH . R A -
C HNHOH : > C6H5NH-'I‘\]Q6HS«-~»~-—/ CHEN=NC Hg (235)
+  oH

accounts for the rapid equilibration between substituted and
ungubstituted nitroso and hydroxylamino compounds (eguation 232)
and for the loss of one-half of the isotope when one reactant

is labeled with O18

(410). Each is consistent with the require-
ment for an intermediate with equivalent nitrogen atoms as
demonstrated with the condensation between phenylhydroxylamine
and nitrosobenzene containing N15 (411). In the latter example,
azoxybenzene was monobrominated and reductively cleaved with
the result‘that half of the isotope was found in aniline and half
in p-bromoaniline.

Activation energies for corresponding condensations in
acid or neutral media of nitrosobenzene with aniline (Ea 5.83
kcal/mole) and phenylhydroxylamine (Ea 10.8 kcal/mole) and
activation entropies (ABS%~55.6 cal deg~l mole—l for aniline

+

and A5 -32.5 cal deg“l moleml (estimated) for phenylhydroxyl-
amine) reveal a higher order of reactivity for the aniline-
nitrosobenzene reaction in agreement with a greater basicity of

aniline over phenylhydroxylamine (pKa 5.804 for protonated
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aniline and 3.462 for protonated phenylhydroxylamine in
methanol at 25° (394)).

" In the presence of certain bases nitrosobenzene and phenyl-
hydroxylamine rapidly produce quantitatively nitrosobenzene
anion radicals detected by e.s.r. Second-order kinetics for
the decay of the radical anions is consistent with the following
rapid equilibrium for the condensation in basic solution (412)
(equation 236). It is particularly interesting that the nitro-
sobenzene radical anion is slowly formed in a solution of
azoxybenzene in dimethyl sulfoxide 50% saturated with potassium

hydroxide (412).

0
: ‘ N
L LoD ——
2CHNO = o= CEHN-NCHy e
0
0 —
[ -OH :
CGHSI;I-NCGHS —> C HN=N(0)C Hg (236)
OH

Apparently an expected adduct is readily formed on mixing
a monosubsti?uted or an unsymmetrically di-substituted hydrazine
with an aromatic nitroso compound. Dehydration to a triazene
either does not occur or is insignificant and the predominant
Teaction for the intermediate is an oxidation to a tiiazene—N—

oxide (413, 414) (equations 237, 238). A diarylamine is also
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0
CHgNO 4 < PH
CEHNHNH, e CgHNH-N=NC H, == C H N=N-NC_H (237)
T3 CHNO FH3 2
CeH NNH, ——r—) ’CGHSN—N=NC6H5. (238)

produced in certain condensations between an arylhydrazine and
an aromatic nitroso compound. From isotope labeling it has

been shown that the amine nitrogen is generated from the nitroso

~group (415). A possible eiplanation would require dehydrogenation

to phenyldiimide and its decomposition to phenyl radicals. A
diaryl nitroxide, produced by the combination of nitrosobenzene .
and phenyl, would then be reduced to a corresponding diaryl

amine (equation 239). In support of the step requiring

ArNO N ) ,
C_H.N,H,K& -—————) C,_HN=NI —»C_H. + N, + H ’ .
6752 3 _a NHOH 65 65 2
: C6H5 - H
AYNO  ——reis Ar~§o em~? ArFH (239)
CcH CcH

dehydrogenation, it is known that nitrosobenzene combines with
hydrazobenzene to give azobenzene and phenylhydroxylamine (416)

(equation 240).



C6H5NO + (C6H5NH)2-—~> CHN=NC Hy + C HNHOH (240)

- Semicarbazide combines with p-nitrosodimethylaniline to
‘give the expected triazene-N-oxide (417) (equation 241) which

is transformed into p-dimethylaminophenol on hydrolysis.

0
| H,NCONHNH, 4 H,SO,
! _ N —N N SN~ M S
p-ONC H,N (CH,) , > (CHy) NC H, N=N-NHCONH,, _ >
2
(CH;) )NC H,OH + NH; + N, + CO, o (241)

On mild heating in pyridine, chloramine-T reacts with
nitrosobenzene to form an azoxysulfone (418) (eguation 242)
and may proceed either with the formation of an intermediate

nitrene or by an addition and elimination sequence (l419).

~ el e — T:‘_‘
. C6H5NO + B—CH3C6H4502N(Na)Cl C6H55\, NSOZC6H4CH3 (242)
| 0O
20. Substitution reactions in aromatic nitroso compounds

Substitution reactions of nitrosobenzene are unknown.
Bromination (349) and nitration (420), which give p-bromo- and

- p-nitronitrosobenzene respectively, do not require ring-activation
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through electron release from the nitroso group since they
may proceed with the formation of intermediate hydroxylamine
derivatives. An explanation for the catalysis of the
bromination reaction by hydrogen bromide requires the iﬁitial
formation of N—bromophenylhydrbelamine (349) (eguation 243),.
In the absence of more definitive information a similar
©xXplanation based on the intermediacy of a phenylhydroxylamine
derivative in the nitration reaction should be questioned.

The reaction is carried out in carbon tetrachloride containing
phosphorous pentoxide with dinitrogen pentoxide as the

hnitrating agent.

HBr

C H,NO ————-> C H_N(OH)Br ——3 pBrC H,NHOH ——73

675

~HBr
———% pBr-C_H,NO (243)

pBr-C H4N(OH)Br 6ty

As_an activator in nucleophilic displacement reactions of
Certain aromatic compounds, the nitroso group is more effective
than the nitro group. In boiling sodium hydroxide solution
2,4-dinitrodimethylaniline is barely attacked whercas p-nitroso-

dimethylaniline is hydrolyzed to give nearly quantitative
yields of dimethylamine and quinone monoxime (421)., Extension

of this reaction to other p-nitroso-N,N-dialkylanilines provides
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an important preparative method for pure secondary amines,
Displacement of the élkoxy_grbup in an alkyl ether of p-nitroso-
phenol’may occur in a similar manner on treating the ether

with a primary aromatic amine in the presence of acid (42la)
(equation 243a) but p-nitrosophenol undergoes more complex

changes. 1In the presence of aniline, it is transformed into

arng.t

p-ONC_H,OR ———2—3 p-ONC H,NHAr (243a)
614 ron T BTONCeHy .
2

p-hydroxyazobenzene in acetic acid medium, into azophenine

(cf. equation 229) in hydrochloric acid and into an indoaniline
in strong sulfuric acid. A greater reactivity of p-bromonitro-
Sobenzene in comparison with p~bromonitrobenzene toward silver
nitrate has been described also as an illuétration of the
electron withdrawing power of the nitroso group (421).

Dipole moments and base-strengths provide additional

evidence of the electron-withdrawing capacity.of the nitroso
~9roup. The dipole moment of 3.2D for nitrosobenzene is reduced
to 0.84D for p-nitronitrosobenzene (422). The large vaiue of
6.9D for p-nitrosodimethylaniline which exceeds the vector sum,
4.8D, of the moments of dimethylaniline and nitrosobenzene has
been ascribed to a contribution from a zwitterionic structure,
Cf.C.3., where the zwitterion itself would be expected to have

a dipole moment in the order of 30D (423).

ey 4ot e e e o emern s orao

S
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The zwitterionic structure for E—ﬁitrosodimethylaniline
may account for its otherwise unpredictably high base strength
(pKa 4.0) (424) which is about one pK unit lower than that of
N,N-dimethylaniline (pKa 5.15) (425). In marked contrast
pP-nitroaniline (pKa 1.11) (426) is a weaker base than aniline
(pPKa 4.62) (425) by over three pK units.

Resonance between the nitroso group and an attached aromatic
ring would be reflected in a shortening of the C-nitroso bond.
In p-iodonitrosobenzene this has been demonstrated in a C-nitroso
bond of 1.28 i, appreciably shorter than the C-N bond of 1.49 z
in aliéhatic amines (427).

21. Cleavage of the C-nitroso bond

It has been suggested that initial nitrosation at carbon
is reversible in nitrosative decarboxylation (equation 35) and
that mineral acid may replace the nitroso group in a nitroso-
toluene with hydrogen (equation 203). There are several other
Yeactions in which cleavage of the C-nitroso bond occurs
Teadily. Geminal dihalides may be prepared from corresponding
nitrosochlorides and chlorine (428) (equation 244). At room
temperature dimethylaniline in ether replaces the nitroso
. 9¥oup in perfluoro 2—nitroso—2—methylpropane with hydrogen
{428) (equation 245).

Cl2

(CF,) ,C(NO)Cl ——> (CF;) ,CCL, | (244)

3)2
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N(CH3)2

C_H_N(CH.)
(cF,) N0 —&2—325 (cry),0H + (245)

NO

Pyrolysis of trifluoronitrosomethane and of pentafluoro-
nitrosoethane has been assumed to proceed with initial

cleavage of the C-nitroso bond (429) (equations 246, 247).

- 300°
CF4NO  ————3 NO + CF,

(Prodgqts isolated: (CF3)2NOCF

3+ CF3NO,, CF,=NF, (CF,NF) and COF,)

(246)
- 150°. o
CF,CF,NO ———) NO + CF,CF,
(Products isolated: CF3N02, CF3N=NCF3, (CF3)2NF, CF4,
COF. and nitrogen oxideS) (247)

2
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It should be noted that a molecular rearrangement is‘apparently
required for the formation of the ﬁroduct, hexafluorodimethyl-
amine, in the latter reaction. A similar cleavage in the mass
Spectrometer leads to the formation of the nitrosyl cation

(N0+) (429). Pyrolysis of geminal nitrosocyanides also proceeds

with initial cleavage of the C-nitroso bond (430) (equation 248).

refiux in
R2C(NO)CN > R,.C NO-CR (248)

2 |2
CeHgCH3 CN[2 CN

The reversible photochemical dimerization of perfluoro-
nitrosoalkanes cf.C.l., provides a classical example of the
Photolytic cléavage of the C-nitroso bond. In another example
it is presumed that peffiuoronitrosoethylene is initially
formed in the irradiated mixture of perfluoroiodoéthylene and
nitric oxide which gives decomposition products (431) (equation
249) . Irradiation of nitrosyl cyanide brings about dissociation

into nitric oxide and cyanogen radicals (432).

, NO
CF,=CFI -———=) CF,=CFNO —— F,CO + FCN + N, + NO, (249)
hy

Following cleavage of the C-nitroso bond by irradiation,

radical recombinations may bring about the formation of nitric
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Ooxides which may be detected by e.s.r. and their subsequent
trénsformation into trisubstituted derivatives of hydroxylamine

(433) (equation 250).

hv
CgHLNO — (C6H5)2NO

F2C(NO)CF2C02CH3*—~—)(CH302CCF2CF2)2NO (250)

A photolytic elimination of nitrosyl hydride from certain

Nitrosoalkanes has been observed (434) (equation 251). It

-+ hvy : - |
(CH3)2?CH2CH2CH(CH3)2 -j;6;—§ (CH3)2C=CHCH2CH(CH3)2 (251)
NO

would appear that a similar elimination of nitrosyl bromide
OCcurs as exposure to sunlight converts 2-nitroso-3-bromo-2, 3~

dimethylbutane into 2,3-dimethyl-2,3-dibromobutane (435)

(equation 252). Elimination of the elements of nitrosyl bromide

as both nitrous and hydrobromic acids occurs in boiling water

(equation 252).
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CH,CH

P steam { 37 3 ‘ sun -
(CH,) ,C=C(CH,) ., € CH,~C—~ C—CH >
32 3727 _mpy 30 3 1ignt
-HONO NO Br
I
(CH,) ,CBr /, (252)

22. Pyrolytic and photolytic disproportionation
Bamberger first proposcd
portionate with the simultaneous formation of a hydroxylamine
and a nitro compound. On this basis he explained the formation
Of azoxybenzene, nitrobenzene, aniline, gfhyaroxyazobenzene,
©-hydroxyazoxybenzene, hydroquinone, p-hydroxyazoxybenzene and
Oother products on exposing nitrosobenzene in benzene to sunlight,
The same reaction(s) occur (s) more slowly in the dark or on
heating nitrosobenzene in petroleum ether (436).
Disproportionation may lead directly to the formation of

an azoxy and a nitro compound, the products obtained from both

pyrolysis and photolysis of g-nitroperfluoronitrosoethane (437)

(equation 253). Photolysis transforms methyl o-nitrosobenzoate
125°;, 8 hr.
no % N N,O (253
02NCF2CF2NO 4 (OZNCFZ)Z + (OZNCFZCFZ)Z 2 ( )

or hy, 17 hr.

into the corresponding azoxy compound through an intermediate
Claimed to be the three-membered ring isomer of the azoxy
Compound (182) (equation 254)., Methyl nitrobenzoate was not

TYeported.
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C02CH3
/O\
NO hy e N — N dark
COZCH3 COZCH3
CO.,,CH

(254)

23. Miscellaneous reactions of nitroso compounds

a. Conjugate addition. Piperidine adds in the 1,4-manner

to o,p-unsaturated nitrosoalkenes (438) (equation 255).

(CHZ) 5NH _
ArCH=CHNO > Ar|CHCH=NOH (255)

N(CHZ) 5

b. Fragmentation. On formation trihydroxymethylnitroso-

Methane dissociates into the oxime of dihydroxyacetone and
formaldehyde (129). An appealing explanation calls for a
Yedistribution of electrons in a cyclic transition state
(equation 256) from which formaldehyde is eliminated. The
rYeaction is reminiscent of decarbokylation of a-nitroso-

Carboxylic acids, cf.A.10.
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o ~CH.,0

/0 2
- — HOCH C=NOH (256)
(HOCH,) cI:JQ? — 25
N. »gH
§‘o

c. Reactions promoted by the presence of nitrosobenzene.

Trimerization of phenyl isocyanide in the presence of nitroso-
benzene'gives the dianil of 4~aza-1,2 naphthoguinone (439)

(equation 257).

CHENO =NCHg

3 CgHgNC -—————-—-—} (257)

In the presence of nitrosobenzene, ethyl o-nitrophenyl-
Propiolate undergoes isomerization with ring-closure (440)

(equation 258).

J

C:CCOZCZHS C6H5NO

V

N02

;;;CCO C H (258)
\L

o)
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